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MILITARY CURRICULUM MATERIALS 



. The military-developed curriculum materials in this Course 

^ package were selected by the National 'Center for Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
♦other instructional materials agencies. The purpose of 
disseminating these courses was to make curriculum materials 
t developed by the military 6 more accessible to vocational / 
educators in the civilian setting. 

\p The course. material^' were acquired, evaluated tiy project 
.staff and practitioners in the field, ^and prepared for 
< dissenujiation. Materials which were specific to the dlitary 
were deleted, copyrighted materials -were either emitted or appro- 
vaT^or .their use was obtained.' These course packages contain 
curriculum res6urce materials "which can be adapted to support 
vocational instruction and, curriculum development. 
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• Generating knowledge through research 

, • Developing educational programs and { 
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• Installing educational programfand ' 
\ products 

• Operating information system^ and 
services 

p Conducting leadership development and 
training programs ^ 

- - ' * ^ 

FpR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
.WRITE O^CALL 

Program Information Office 

• The National Centertfor Research 'in Vocational 

Education \ 
'* „ . / The Ohio State University ' . > , 
! 4 • 1960 Kenny Road, Columbus, Ohio 4321 0 
*C • Telephone: 614/486-3655 orToll Free 800/ 

q 848-4815 within the continental U.S. 

^ ERXC : Except Ohio) 



Military Curriculum 
Materials for. 
Vocational and 
Technical Education 



Information nncl Field 
Services' Division 



Tho Mafionn! Center for Fter.ooTe^ 
in Vocational Education 



A 



Military^ 

Curriculum Materials 
Dissemination Is . . . 



an activity to increase the accessibility of 
military-developed curriculum, materfals to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes^the identification,and 
acquisition o 0 f curriculum materials in print 
-form from the Coast Guard, Air Force, ~ 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through* a "4pint Memorandum of 
Understanding" between the>U.S. Office^of 
^Education and the Department of Defense. 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical raucation are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated .representative to 
acquire the materials and cpnduct the project 
activities. 
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What Materials 
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One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
Instructional materials agencies for dissemi- 
natipn. ■ 1 

Course materials include programmed 
instruction, ewriculum Outlines, instructor 
guides, student workbooks and technical 
manuals. 

The t20 courses represent the following 
sixteen vqcttional subject areas: 



Agriculture 
Aviation * 
•Building & 

Construction % 

Trades* 
Clerical* 

Occupations 
Communications 
Drafting 
Electronics 
Engine' Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 
* Supervision 
Meteorology 8l 

Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
re presented" will expand 'as additional mate- 
rials with "application to vocational and 
technical education are identified and selected 
for dissemination.. 
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How Cart These 
Materials Be Obtained? 



Contact the CurriculurrTCoordinatton Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
wilhrespo(id to your request directly of refer 
you to an instructional materials agency • 
closer to you. 
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Course Description: 



• Make and use mixes needed for erecting structures f 

• Reinforce concrete * \ 
• x Mix mortar for masonry units 

• - Correctly Use plastering tools and*tec ft riiques 

• Lay brick 

• Recognize the •characteristics and the use of concrete and stone units 

• Select and lay ceramic and quarry tile 

• Estimate material requirements 



The course consists of three lessons covering seven chapters in the text. 



Lesson 1 



Lesson 2* - 



Lesson 3 — 



Coney Block,, Stone, Tiles, and Estlmetes explains charactenstics of concrete units; laying corner leads- lavina blocks 
concrete block and tile, stone, ceramic and quarry tile. 5 mortar. cncK. 

2^ * ion ,aborato 7 ™ hHob « 

•answers i, also proved. A cour^ t0 the eXef cis " « >° the text which\ coded. A discussion of 

viosa. ja course examination of 30 multiple choice questions is included bgt no answers are available. 

( * . • 
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D*v«iop«d by: 

United States Army 

Development and 
R*vipw Oates 

Unknown 



Occupational Arts: 

Building and Construction 



Con: 
$2.50 



Pnnt Pages 
121 



Availability: 

Military Curriculum Project, The Center, 
for Vocational Education, 1960 Kenny 
Rd.. Columbus, OH 40210 



Suggested Background - 

None 
* 

Target Audiencaa: 
Grades 10-adult 



Organization of Materials: • , 

i Text; student workbook with lesson objectives, assignments, and exercises with solutions and discussion; and course examination 

Type of Instruction:' « 



' Individualized, self-paced 



Typa of Materials: 



No. of Pages: Average 

—r** m \ Completion time: 



Masonry 
% Lesson 1 c 

Lesson 2 1 
Lesson 3 
Workbook 
© Examination 



Concrete Mixes and Structures 
« 

Mortair, Plaster, and Clay Brick 



Concrete Blocks, Stone, Tiles, and Estimates 



30 
^.30 

29 
■ 2? 
4 



Flexible ■ 

Flexible 

Flexible 



Supplementary Materials Required: 
None 
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EDITION i (NRI 101) 



INTRODUCTION 



• ^5iis subcourse provides basic instruction 
in the skills and knowledge required for entry 
into the MOS 51-D Career field' — Mason. 
Concrete mixes are treated in detail and the 
standards reguired for the efficient use of 
.these materials in concrete .structures are 
tabulated and explained Mortar and plaster, * 
together;with plastering tools and their uses, 
are. .also discussed. Clay brick .construction 
and.the use of stone and concrete blocks are* 
discussed, with emphasis on their proper 
handling and use. Ceramic and guarry tile 
, are distinguished through dn explanation of 
the procedures that must>be follovfcd in prop- - 
erly setting floor and wall t}le. A section on 
estimating provides examples of how to esti- e 
mate the amounts of materials ancl the length 
of time required tp complete various masonry 
jobs. . k 

This subcourse consists of three lessons 
and an examination as follows: 

Lesson f. Concrete Mixes and Stn/ctures. 

♦ 2. Mortar, Plaster, and Clay Brick. 



3. Concrete Blocks, Stone, Til^s, 
* and Estimates. 

Examination. 

Eleven credit hoursvare allowed for this 
subcourse. 

You will not be limited* as to the number'of 
hours that you spend on the subcourse, any' 
lesson, or the examination. ' c • " 

• ' / ' 

Text furnished: Memorandum 535: Ma- 
sonry. 

■ \ 

Each exercise has four chojces with only 
ONE best answer. Select the choice you be- 
lieve is best. Compare your answer with the 
solutions provided in this subcourse packet. , 

When you have completed all lessons to 
your satisfaction, compete the examination 
and forward the examinatioiv^n^wer card to 
the USAES for grading. The grade you 
receive on the examination is youi*g*ade for 
the subcourse. ' \ 
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LESSON 1 

CONCRETE MIXES AND STRUCTURES * * 
CREDIT HOURS „_„„3 

TEXT ASSIGNMENT Study chapters 1 and 2 in Memorandum 535, 

LESSON OBJECTIVE 1 r .To teach you how to make and use the mixes 

needed for erecting structures and the 
rnethods of reinforcing* concrete. 



EXERCISES 



Requirement: Solve the following multiple- 
choice exercises. , ' 

!• Aggregates are rejected if they 
contain more than \ S ^J . ^ 

a. 1% percent shale by weight 

b. 3 and less than 10 percent of silt 
and fines 

a iy 2 percent thin, flaky, elongated 
particles by weight 

d. 5 percent by weight of all above 
aggregate, 

2. When would you generally use 
type IV portland cement ? 

c 

a. when less heat is/requirfed during 
hydration 

b. for constructing a large dam 

c in cold weather because it hardens 
rapidly 

d. for buildings, sidewalks,- and bridges 

3, Which of the following aggre- 
. gates contains about y 2 gallon of water 

per cubic foot? 



a. moist sand 

b. moist gravel 

c. moderately wet sand 

d. moderately wet gravel x. 

4. What does "saturated surface 
dry" concrete mean? 

a. saturated surface must be dried 

b, saturate the dry surface 

a i#ater-cement radio is 60/90 

d. voids in aggregate are filled with 
water but surface is dry 

5. 'What is the best abrasion- 
resisting medium for fine aggregate? 

a. natural sand 



b. traprock 



« c. granite 
d, gravel 



6. You used iy 2 sacks of cement 
in a concrete mix. You want to ac* 
celerate the rate *of hardening. How 
many pounds of tfake calcium chloride 
do you add? 



a* 1% 
b. 3 



c. 6 

d. 9 



- / 
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7* What is 4he fhfahnmti amount 
of time that you would machine mix 54 
cubic feet of concrete? 



a. 40 seconds 

b. 1 minute 



c. ly* minutes 

d. 2 minutes 



8. Which type of portland cement 
would you use for laying masonry 
units? 



a. 

b. 



IV 

m 



* n 

(L I 



9. What causes freshly placed con- 
crete to harden? 



a. , aggregation 

b. composition 



c agglutination 
d. hydration 



10. You must construct a concrete 
pavement four inches thick. Wnfct is 
the maximum size in inches for aggre- 
gate that you would, use in the mix? 



a. 4 

*b. 3 



a 2 
d. 1 



J 



11. How long will cement retain its 
quality if it does not come into contact 
with moisture? 



a. 
b. 



2 months 
6 months 



d. 



1 year 
indefinitely 



12* What would be the probable? 
compressive strength in psi of a con* 
Crete slab after 28 days if you had 
added 5 gallons of W$ter per sack of 
the normal portland cement used in 
the mix? " 



b. 



1000 
2000 



d* 



4000 
5000 



13* You have made a mixture of 
aggregate and hot water. Below what 
temperature should this mix be before 
you add the cement? 

a. ~80° F ^ e. 100° F 

b. 90° F d. 120° F 



14. Concrete placed below what air 
temperature is classified as cold- weather 
concrete? 



a. 50° F 

b. 40° F 



c. 30° F 

d. 0°<F 



15* What is the w^»t^ spacing 
in feet of the contraction joints for side- 
walks and driveways? 



JL 10 

b. 20 



a 25 
A 35 



16. ifou are constructing a per- 
manent cement concrete slab at an air 
temperature between 40° and 50° F. 
How many days would be required at 
9° F for curing this concrete? 



a. 1 

b. 3 



a 5 
d. 7 



17. Inclined ramps can be used for 
transporting concrete by buggy when 
the elevation in feet_hetjr£en the mixing 
and the placing is not more than 



a* 13 
b. 14 



c. 15 

d. 16 



18. \What joint would you use when 
constructing a nonreinforced concrete 
wall? 



b. 



expansion 
V-joint 



d. 



contraction 
keyway 



19. What is the maximum tempera* 
ture for heating water to warm concrete 
during cold weather concreting? * 

a. 90° F c. 145° F 

b. 120° F d. 165° F* 

20. When you are placing concrete 
in high walls, what would be the maxi- 
mum depth in inches of each separate 
layer that you would deposit? 

a. 6 c 10 

b. 8 d. 12 
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LESSON 2 

MORTAR, PLASTER, AND CLAY BRICK . X 
CREDIT HOURS . 1 I, 3 

TEXT ASSIGNMENT 1 Study chapters 3 and 4 in Memorandum.535. 

LESSON OBJECTIVE : „To teach you how to mix mortar for masonry 

* * units, the use of plqstering tools and tech- 

. " , V niques, ond how to lay brick. 



EXERCISES 



Requirement: Solve the following multiple- 
choice exercises. 

1* You find a structural crack close 
to a corner bead latl^in a complete4 
plaster job. What m<*t likek^caused-- 
that crack? f% J 



that "crack? ; 

a. scratch coat tro^thick 

b. brown coat too -thick 
c finish coat too &ick 



d. lath had been nailed to superstruc- 
ture 

2. What is the nmnrfwynin numbed 
of feet that you would space the control 
joists for walls and ceilings when you 
work on plaster or stucco surfaces? 

• a. 10 a 20 

b. 15 i 25 

* 

3. What is the mtmTmim number 
of hours that you would moist-cure the 
brown coat of plaster when the air tem- 
perature is above 50° P? 

a. 24 c 6& 

b. 48 <L 70* 




a. % inch 
*4 inch 



v 4. You are about to apply the 
brown-cofljt layer - of plaster. What is 
the minimum thickness for this layer ? 

c, y 2 inch 

' d. % inch 

. $^ & ~~ Y °u have put the dry plaster 
ingredients into apjalwer mixer and have 
added the required Amount of * water. 
> What is minimum number of minutes 
that you would mix the materials? 

a. 2 c. 4 

fc 3 d 5 ' 

6. t What is the minimum combined 
thickness of a three-coat application of 

9 plaster? 

'a. iy 2 inches c* % inch 

> 1 inch d. y 2 inch 

7, What could happen if you ap- 
plied a new stucco sitrface over a 
weathered masonry surface? 

plaster dries and cracks" 

final finish is potted 

poor mechanical bond 

stucco stiffens and is difficult to 
work 



a. 

b. 

c* 

a 



& You are about to use 60, pounds 
of portland cement to plaster a surface. . 
*Vou decide to use hydra ted lime as a J 
plasticizer. What is the maximum hum- ' 
ber of pounds of lime that you would 
add? ' 



a. 

b. 



6 
5 



a 4 
d; 3 



9. When you nail metal lath to ex- 
yterior walls, what is the minimum space 
that you leave between the wall and thai 
Math? 



a. *4 inch 

b. l /o inch 



d. 



% inch 
1 inch 



10. What is the largest size aggre- 
gate that you would use in a well-graded 
plaster mix? 



.a. 1/16 iifch 
b. Ys inch 



c. inch 



11. What is the minimum size of 
the brick that you set in a wall corner? 

a. a brick -length 

b. % of a brick length 
c a brick width 

d. % of a brick width 



12* What type of mortar joint 
would you be finishing if you used s. 
convex jointer as shown in figure 99 of 
the text? 



a. flushed 

b. weathered 



c raked 

d. flush concave 



IS. 'You place a good quality brick 
into a container of wat^r for 24 hours. 
What is the maximum percent of its 
dry weight that the brick would absorb 
inlhoisture ? 

( 



15 
20 



c. 25 

d. 30 



2 — 2 



14. You are about to mix hydro- 
chloric acid and water in order to clean 
mortar stains off brick. Ih what -ratio 
do you mix the acid and water? 

a. 9 parts acid to 1 part water 

b. 7 parts acid to 1 *part 'water 
"c. 1 part acid to 7 parts water , 
d. 1 part acid to 9 part4 water * 

15. Wh^t is the piti'tf per foot of 
run that you give to the ^bricks that 
you lay to make a window sill? j 

a. 1 inch 

b. % inch 



' , * * Y2 inch 
*4 inch 



, 16. You are forming horizontal 
mortar joints. How thick do you make 
the mortar bed for them? 



a, 1 inch 

b. V2 inch 



c % inch 
d. % inch 



17. What is the average size in 
inches of a fire brick? 

a. 2V 4 x 3% x 8 % 

b! 2% x 4y 2 x 9' 

c. 2% x 334 x 8 ■ 

d. 2% x .3« 8 x 8 

18. You areyfying a 4*inch facing 
of brick to an old wopden frame sjbruc* 
tu^e. What is the minimum number of 
inches that you must widen the founda- 
tion? 



a. 12 , 

b. 8 



c 6 
d. 4 



19. What is the minimum number 
of inches that common brick should 
overlap one another? 



b. 4 



c. 6 
(L 8 



16 



. 20. Specifications require that you 
construct a brick wall that will be strong 
aiid have watertight joints. Which of 



these joint sizes do you select? 

a. * 1/16 inch c 5/16 inch 

b. V* inch <L ^ % inch 



/ 



2 — 3 
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LESSON 3 



CONCRETE BLOCKS, STONE, TILES, AND ESTIMATES 

v . - ) ' • • • " 

CREDIT HOURS 3 

TEXT ASSIGNMENT Study chapters 5, 6, 7 in Memorandum 535. 

LESSON OBJECTIVE „ To teach you the characteristics and use of 

1 * concrete and stone units, how to sdlect and 

lay ceramic and quarry tile, and how to 
estimate material requirements. * 

EXERCISES 

Requirement: Solve the following multiple- 4. Why do you place a straight- 
choice exercises. fc ' edge diagonally across the corners of 

the blocks wh'en raising a concrete cor- 

1. What is the minimum number ner? * 

of inches that vertical joints in stone - * - „t, . m . 

walls should lap one another? * t0 ° heCk ***** 

a k * ' o ° b. to make certain the blocks are 

T » * 8 * plumb 

*>• 6 d. 9 u , u . 

c to check horizontal spacing of 

blocks 

.2. .Which of the following bolt-size 

diameters is recommended for anchor- * to get prpper perpendicular, spacing 

ihg tHe tops on concrete block struc- f 

tures? ' - 5. How many quarts of -sulfuric 

. . acid would you add to 10 gallons of 

^ a. % inch c. 34 in C h - water for cleaning white mortar stains 

b. V 2 inch d. 1 inch ' off fltone wrfaces? , 

% a. 5 c. 3 ^ 

3. A concrete unit has been laid in 54 d 2 

a wall with 3/8"-inch mortar' joints and * * 

exactly fills a space 8" x 8" x 16" What. * v A 

. is its exact size? hi J* Jl ^ JT T f 'Tl 

block wall. What do you do to control 

• a. 7%" wide 7%" high and 15%" long cracking? 

b. 8" wide 8" high and ie" long 1 * 1136 contro1 j oints V 

„„,„ b. apply calking compound 

«. 73/ 4 " wide 7%" wide and 15%" long „ . ... A 

6 c seal corners with tar . 

d. SVa" wide 8V 8 " high and 15V 8 " long ' <L use only full-length blocks 

3 — 1 
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7. What kind of stone would you 
use for roof facing? x 

a* lime stone c. slate 



b. sand stone 



d. granite 



8. You are constructing a rubble 
wall 50 feet long and 8 feet high. What' 
should be the minimum thickness in feet 
of this wall? 

a. 6 c 3 



b. 4 



d. 2 



9. Which of the fallowing would 
be your guide in^builciing a plumb rub- 
ble wall erected to 'a line ? 

a. lay each stone* on its narrowest face * 

b. t smaller stones should be in the low- * 

er courses 

c. stone size should increase toward 

, top of wall ' \ . 

d. lay each stone on its broadest face 

* • 

10. You are using the butterip^ 
method to apply the- neat coa^o$ mor- 
iar to the tiles that will be set into the'„ 
wall surf ace. Approximately how thick 
do you make this neat coat? 



a. % inch 

b. *4 inch 



c Vh inch 
d. 1/16 inch 



11. In setting quarry tile, j&bout 
"Trow thfck would .you make the mortar 
bed into which you set the tile?* 



a. % inch 

b. l /> inch 



c. Vi^Jnch 

d. Vh inch 



12. After grouting the joints, 'they 
sfoould be washed and smoothed to an 
even depth below the surface of the tile. 
What is this depth? ' T 



a. 1/32 inch 

b. 1/16 inqh 



d. 



Vh inch 
inch 



13. , Which of the following joint 
sizes is normally used when setting 
quarry tile? 



*/ s inch 
y± inch 



c. 



VL» inch 
d. 1 % inch 



14. You are setting ceramic tile. 
, You woul£ apply the tile adhesive to an 
area no larger than you could cover 0 
with tile in 



a. 2 minutes 

b. 10 minutes 



c. 54 minutes 

d. 1 hour 



15. What is the minimum amount — > 
of time that you would allow ceramic 
mosaic tile to set before you remove the 
kraft paper from it? 



a. 10 minutes 

b. 20 minutes 



c. 30 minutes, 

d. 1 hour* 



16. You are using "the pJaster 
method of setting**tile. What would be 
the minimum thickness of the scratch 
coat that you apply?. 



a. Vk inch 

b. y± inch 



c. % inch 

d. VL» inch 



17. How many bags of cement 
% would you need to mix 50 cubic* feet of 
concrete, using a 1:3:6 ratio2L-^=— 



a. 2 

b. .4 



c & 
d. 8 



18. How many standard size con- 
crete blocks would yoVneed to cover the 
, surface of a ip0-square-foot area? 



113 
110 



c. 100 

d. 90 



19. How would you determine the 
number of rubble stone needed for 1 
cubic yard of wall? 



- a. count them 
b. by weight 
c* by wall length 
& by wall height 

/ 20. You are assigned the task of 
tiling three walls of a room using 6" x 
6" glazed ceramic wall tile. Each wall 



is 12 feet long and 8 feet high, but the 
^specifications for the job state that each 
wall will be tiled only half way to the 
ceiling. How many tiles (not including 
breakage ^ do ypu need to complete this 
jobs? 

a. 450 a 576 

b. '560 ' i 580 



* V 
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SUBCOURSE 535-T ■ ... . Masonry. ' 

LESSON 1 . . .' Concrete Mixes and Structures. 



SOLUTIONS 



Each exercise has a weight of 5. References' are to Memorandum 535. 

« * * 

d (par 5-2) 0 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 



d 
b 

c 
d 
a 
b 
c 
d 
d 
d 



(par- 3-2) 
(par l-5y 
(par 8-4(2)) 
(par 6-3) 
(par 3-6) 
(par 2-3) 
(par 10-4) 
(par 1-2) 
(pars ,1-3, 4) 
3-3) 



(par 



11. 
12. 
13. 
14. 
15. 



d (par 6-1, table I) 

a , (par 12-42) - 

o ' (par 12-39) ' 

b (par 12-29) • 

16. (par 12-39) . • 

17. c (par 12-9) 

18. b (par 12-14) 
'19. d (pa* 12-42) 
20. d (par. 12-18) 



For further explanation, see Discussion. •* 



• f . X 



AH concerned will be careful that neither this solution nor information concerning the 
same comes into the possession of students or prospective students who have not completed 
the work to which it pertains. • ' „ 1 *. 
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DISCUSSION 



V 

Exercise: 



1, If all the materials mentioned in the exercise are present in the aggregate, their com- 
bined amount nmy not exceed 5 percent by Weight of the combined Aggregate (d). 

2* Type IV is a low-heat portland cement that generates It relatively small amount 6f^ 
heat while hydrating. It is used in ferg^ massed of concrete, such as a largejlanr (b^ 

3. Very wet* sand contains % to 1 gallon of water per cubic jfoot? Moftt sand or-gravel 
lias about % gallon, and moderately wet sand (c) has about Vfc_ of waterier cubic 
foot * \ • # * p * «, : * • ' ' 

• • ^ 

4. The term "saturated surface dnr" implies that the voids in Jhe aggregate are filled 
with water and {he-surface of the sggre^e is dry (d). 0 

* *• * . 

. 5.* The abrasion-resisting medium in "concrete is the aggregate.., Traprock f gravel, and, 
granite are, usually the best materials for coarse aggregate, but natural sand (a) is better for* 
fihe aggregate,, • * ^ * 

/ * ^ * «, * 1 

6. There are two types of calduqn cfioride: flake and pallet* When you, use the flake 
type, about'2 pounds o^ the calcium chloride are recommended .per sack of cement; therefore, 
3 (b) pounds of flake calcium chloride should be used. - ■ i 

" * ! * 7 ' -\ 

7. Specifications udtially reduire concrete to be mixed a^ minimum - time of one, minute 
for the first cubic' yard, and an additional 15 seconds f6ij each additional oae-half cubic yard. . 
54,tru-ft = 2 cu yd = 1% -minuses (p), w 



8. 'Type Hd) is normal portland cement and is jased generally for pavements, adewaiks, 
and for laying brick, block, and for plastering. y ' ^ * • j 

9. Reaction between cement and water called hydration (d) results in the setting and 
hardening of the cement' paste. ' * \ , 

10. Norihaiiy, the maximum size of aggregate in the mix should not exceed 2 inches, 
and the largest particles should no# be over one-fourth the pavement thickness* (d). 

• 

a 11* Sacks should be stored on a^raised platform to prevent raW or ^ater from reaching 
the bottom sacks. Cement which does not come intcvcontdfct with jnoisturQ will remain jts qual- 
ity indefinitely (d). "> • , 

12* Table Ijgves the quantity of water to be used for concrete «of a desired strength. If 
5 gallons of waier per sack of cement were added, the compressive strength after 28 days 
would be psi (d). Note that the more water used, the less strength of the concrete. 

. s , » ' 

13* The temperature of the water should never exceedI65°F % *Mix the hot water with 
the aggregate so that the mix temperature will be below 80° F (a) before you put in the cement. ^ 

, " 

14. Concrete placed when^the air temperature is less than 50°F (a) is classified as cold- 
weather concrete, and cold-weather precautions must be taken. • 

- Vr » - , i 1 *' ' \ • ' 
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LESSON 2 Mortar* Plaster, and Clay Brick. 
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SOLUTIONS 



Each exercise has a weight of 5. References are to Memorandum 535. 



l.'d 


(par 14-8) 


11. 


c 


(p*r 16-20) > 


(par 14-12) 




d 


(par 17-12) 


3. b 


(par 14,36) ' - 


13. 


a 


(par 15-4) 


4. • a 


(par 14-34) 


14. 


d 


(par 17-22) . 


5. d 


(par 14-23) * 


15. 


c- 


(par 16-23) 


6. c 


(pars 14-33, 34, 35) ' ' 


16. 


& 


tgar 16;29) t 


7. d 


i^ar 14-9) 


• s~ 17. 


b 


(par 15-1) 


8, 'a 


(par 14-18) 


18. 


b 


(par 16-16) 


9. a 


(par 14-5) 


19. 


a 


J pars 15-1^16-3) 


10. b 


(par 14-21) * 


.20. 


d 


(par 17-11) 



For further explanation see Discussion. 
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DISCUSSION C 

Exercise: i * ♦ 

X 

1. Pe s&re that the corner lath is nfit fastened by nailing it though to the superstruc- 
ture (d), 1>ecause this stress will be transmitted directly into the plaster, and caW it to crack. 

j2. Walls a'hd ceilings should be divided .into rectanguk*^panels with control joints 
spaced a maximum of 20 feet (c) apart. N This procedure will control cracking in plaster and 
stucco surfaces. * * 

• 3. -All three coats of plaster must be moist-cured for at least 2 days (48 hours) (b) at 
a temperature %bove 50° Fr - 



i 



4. The brown coat consists 0*4 layer of plasterrcot less than'% inch (a) thick. You 
apply and finish the brown coat in the same manner as the. scratch coat. . ' 

t * 5. You should mix the materials f<jr a minimum of 5 (d) minutes al$er the water is 
adde<i to the dry materials. * f 

6. The scratch coat has a minimum thickness of 14 inch, the brcftvn coat % inch, and* 
the finish coat l/ * inch, or a minimum thickness ,of % inch (c) for the three coats. 

* i * o 

i^r 7. Weathered masonry surfaces may have too much suction. When you apply plaster 
to this type of surface,* the plaster stiffens and becomes difficult to work (d). 

a .8. Hydrated lime may be adcted to the" mix to make it more workable. The amount added 

should nofcexceed 10% by weight or 25% by volume of the cement used Therefore, 60 x .10 
= 6 (a) pounds'°of lime would be required » 

d: Purring nails hold the steel lath in placeT~There should be a minimum space of \i 
inch (a)^ between^ the structure" aild the reinforcing steel lath. 

10. S^mdfror plaster should Be~%raded with particles (maximum* size, % inch) (b) rang-' 
- ing f/om course to fine. . % 

1L *The end brick should never be less than a briclr width (c). When arranging brick in 
a corner, you must take both walls into consideration. 

12. You^can form a flush concave (d) joint (fig 99) by compressing the mortar in the 
joint with a convex jointer. 

13. * A characteristic of good quality brick is that it will not absorb more than 10 to 15 
« (a) percent of its dry weight in moisture when placed in a 'container of water for 24 hours. 

14. To remove mortar stains from the brick use a solution of hydrochloric acid and 
~ water. The ratio of the mix 9:1, nine, parts water to one part acid (rf). Always add the acid 

to the w^ter because acid reacts violently when water is added to it.„ * 

15. Bricks in sills are usually laid oi^ge at a pitch or incline equal to U inch (c) per 
- » foot of run. *T r r 

2 — 2 ' 1 - 
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16. When making bed joints, spread the mortar (about 1 inch (a) thick) uniformly over 
the top of the foundation or the lower brick course. 

17v Bricks are made i^, several sizes but fire brick is ordinarily made 2% x 4^ x 9 (b) 
inches. * J * "* * ' 

.18. In facing old frame structures, an additional 8 inch (b) thickness of new .foundation 
is extended below ground against the^fcld. foundation to support the brick. 

19. In bricklaying, the prackce is to make a brick lap other bricks V4, *fasV» or % of its 
length, but> brick should not lap another brick .by. less than V4 brick length otffei minimum of 

• 2 (a) inches (8x^=2). * 

20. Coming thjeknesses of mortar joints range from Vh inch-to y> inch. Of thtfse the *4 
and % Inch (d) joints, are used the- most because they are strongest and most water resistant. 
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LESSON 3- . . Concrete Block and Stone Tiles and Esti- 
mates. 

SOLUTIONS 

\ ' ' 

Each, exercise has a weight of 5. Referenced are' to Memorandum 535. 



1. ( o 

2. b 

3. * 

4. c 

5. d 



(par 19-9) 
(par. 18-13) 
(par 18-3) 
(par\18-9) 
(par 19-16) 
6. ' f a (par 1844), 
7..n c (par 19-7) 

8. - b -{par 19-9) « 

9. d (par 19-11) 
10. d (par 21-6) 



11. 


c 


(par 22-4) 


L 12. 


a 


(par 21-16) 




c 


(par 22-5) 


~14? 




(par 21-18) 


15. 


c 


(par 21-20) . 


16. 


b 


(par 21-4) 


17. 


d 


(table 4, page 97) 


18. 


a 


(table 6, par 27-1) 


19. 


a 


(par 28-1) 


20. 


c 


(par 29-1) 



For further explanation, see Discusgien. 
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DISCUSSION 



Exercise: ^ 

S * 0 

1. The lap of vertical joints should be at least 4 inches (a). Vertical joints in a stone 
course should be staggered with the vertical Joints in the courses above and below it 

2. Anchor bolts come in various sizes, but the size recommended"^ Y> inch (b) diam- 
eter and 18 inches long. 

3. Unit sizes are usually determined by their nominal dimensions. In other words, a unit 
measuring 7%" wide, 7%" high and 15% inches long (a) is considered 8" x 8" x 16" inches 
and would exactly fill such a space when the unit was placed in a wall. 

4. When building cotners, each course is stepped back a half block. You can check the 
horizontal spacing of blocws (c) by placing straightedge diagonally across the corners of the 
blocks. * 

5. A 5-percent phosphoric acid-watef solution or a 5-percent sulphuric acid water solu- 
tion should be used when the stone or the mortar is white (10 gal = 40 qts x .05*= 2 (d). 

6. Control joints (a) are used to control cracking in masonry walls. These joints are 
vertical and are built into walls at points of possible stress. 

7.. Slates are composed chiefly of clay and sand. Slate (c) is in laminated form, can be 
split into sheets, and cut to size for roof facings. 

8. The thickness of a rubble wall should be at least one-half its height 8 ft x v£ = 
4 ft (h) thick. ^ . 

9. The larger stones should be placed in the lower courses, and each stone must be laid 
o* its broadest face (d). ' 

10. When the buttering method is used, about 1/16 inch (d) of mortar is applied to the 
back of each tile.. At least 60 percent of the back of £ach tile is covered with mortar. 

11. Quarry tile is set in a bed of cement mortar about inch ( c ) thick, consisting of a 
mixttireMDf 1 par^portlancj cement to 3 parts building sand. 

* * 

12. Finish smoothing off the joints by gently rubbing over them with a damp cloth. Bring 
all joints to an even deptfc of 1/3? inch (a) below the surface of the tiles. 

13. Normally, % inch (c) joints are used between quarry tiles, sb set the remaining tiles 
in the first row M> inch apart, using small piecas of of wood as spacers. ; 

V 

14. Most tile adhesives will set up in about 10 minutes (b), so do not apply the tile ad- 
hesive to^an area larger than you can finish in that time. 

15. After the tile sheets have set in the adhesive for a minimum of 30 minutes (c) you 
jmay remove the kraft^paper from the top of the tiles. 



< 1«. Apply the scratch-coat mortar to the lath or clean concrete" or plastered wall accord- 
ing to the .specifications, but in no^case less' than \i inch (b) thick. 

u X \ ;Yf^ g ^ We 4 * yOU foUow 50 0111)10 fcet m to « firat c °l«mn over to the 1 -3:6 ratio 
where ^<d) bags of cement are shown as need^d for this amount of mix. 

110 « * i"^ 6 ■? ndMd concrete block »■ 7%" x 7%" x 15%", and from table 6 we get 
112.5 units for the area, or 113 a (a) blocks. 

• 19 i * 2*1 nUmbe 5 ° f 1111)1)16 stones contains<i ta one cubic yard depends upon the various 
sues of the stones; therefore, if the average. number of stones contained in a cubic yard must 
be known, the atones will actually have to be counted (a). 

4 r! laies'^i^sVft" waU: 3 ^ = 144 341 ft; 144 x 4 " 576 <c) aes require<L 
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PREFACE 



THE ARMY operates many installations located throughout the world. To 
accomplish its mission, there must be suitable living and working quarters 
constructed on these'- locations, and these, structures must be properly maintained 
and repaired. In^many cases.the actual construction Is done by commercial con- 
tractors, but the maintenance and repair are carried on by personnel under the 
direction of the facilities 'engineer. e 

As a mason, your part of the overall construction, maintenance, and repair 
program will be with structures built of masonry materials. ' 

This memorandum will give you the knowledge needed to meet the skill level 
demanded of a mason. By carefully studying this memorandum and the illustra- 
tions presented in it, you will quickly acquire the knowledge needed to accomplish 
each assignment. 

Keep this memorandum for your oton use* * \ 



'v. 




1 



31 



CONTENTS y 

\ * 



Preface ......... ^, 

Chapter ' 

1 Materials and Concrete Mixes 

2 Reinforced Concrete and Concrete Structures 

3 Mortar and Plaster . 

4 Clay Brick Construction 

5 Concrete Block and Toe and Stone 

6 Ceramic and Quarry Tile 

7 Estimating . . Y 



Glossary 



x 



\ 32 



i » 



CHAPTER 1 



Materials and Concrete Mixes 



THIS CHAPTER covers the materials and' 
concrete mixes you must know to perform 
your duties properly. Upon completion of this 
chapter, you will kncjw what ingredients to use in 
a concrete mix and how to properly proportion 
them to meet job specifications. ' * 

Note:. There will be a number of new terms 
(terms of the trade) used in the text. These are 
explained wherever they are first used in the text, 
and they are also covered in the explanation of 
terms located in the glossary. 

1. Typ#$ of Ctmtnt * 

1. Portland cement (manufactured in the 
United States) derives its name from Portland, 
England, where the process for making it origi- 
nated. This cement is available in five different 
types, ranging from type I to type V. 

2. Type I, normal portland cement, is most 
generally used for pavements, sidewalks, build* 
ings, and bridges, It is also used for laying brick, 
block, and for plastering. ^ 

3. Type II, modified portland cement, ' gener- 
ates less heat during hydration (reactions be- 
tween cement and water result in the setting and 
hardening of the cement paste) thauvtype I and 
is used for structures of considerable size. 

4. Type III. high-early strength portland ce- 
ment, is used when high %rfen^h is desired at a 
very early period. In col^eathfcr construction, 
the time required for protefctkm ags Ast free zing 
is reduced. Type III cement is^mjluf actured so 
that it Attains normal 3-day strength in 1 day, 7- 
day strength, in 3 days, and 28-day strength^ in 
7 days. This isMllustrated in figure 1. The evolu- 
tion of heat during hydration is also accelerated. 
Normally, this cement is not used in large-scale 
operations since it is more expensive than ordi- 
nary pprtland cement. * 

5. Type IV, low-heat portland cement, gener- 
ates a relatively small amount of heat while hy- 
drating.* It is intended for use in large masses of 
concrete, such as large dams. 



x 6. Type V, sulphate-resistant portland cement 
islintended for use where the concrete wilf be in 
contact with soil or water of high alkali content. , 

7. The properties of any of these types of ce- 
ment can be changed by the addition -of certain 

^chemicals or other materials. 

8. Alumina cements, derived from bauxite ore, 
have a highf alfmina content. The high-early 

^«trt>ngftfi ofAdmnina cements offers an advantage 
for cold-weather operation because of the rapid 
rate of hardening and the considerable chemical 
heat produced while the cement is developing its 
set. Concrete made with high alumina cement 
becomes as hajfe in 24 hours as nornial portland 
cement concrete*becomes in 28 days. 

w 

2. Additives 

1. "As you will see in the following discussion, 
it is often desirable to 'have either a* concrete 
which contains billions of tiny air pockets or 'a 
cgncrete which will harden at a very rapid rate. 
Either of these effects taiay be obtained by the 
addition of certain materials to the cement* 

2. . Air-Entraining. Air-entrained cement is 
any cement in which an air-entrainment agent 
(S0& glossary at the ejid of memorandum) has been 
incorporated. This is done'by blending the agents 
^ith theicementAiuring manufacturing or by add- 
ing them at the mixing site. If mixed at the site, - 
' the agent is added to the mixing water. Manufac- 
tured air-entraining cements are indicated by the^ 
letter "A" in .the type number (type IA, type IIA, 
type IIIA, etc.). Concrete made with this cement 
contain billions of extremely small, entirely sepa- 
rated air bubbles per cubic foot of the concrete, 
a$d*these bubbles act very similarly to sand. The 
air volume is approximately 4 percentjiMhe total 
volume. The presence of these air bubbles makes 
the concrete more resistant to freezing action. Al- 
fchcmgh some reduction of strength results from 
ttie^jfitrainment of air, this reduction is some- 
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what offset by the reduction of the water-cement 
ratio. In other words, you can mix at least K 
gallon less water per sack oV cement and still 
maintam the same workability. Air-entrainment 
>s espem«y U3e f u l in severe climates where the 
concrete is exposed to weathering, particularly 
the freezing and thawing cycles. 5 
3. Hardening Acceleration. The addition of 
. calcium chloride (a crystalline compound used in 
»ts dry state as a drying agent)' to a concrete mix 
^ a ~ e, ? ratea th e-rate,of hardening. This is an ■ 
added advantage in- cold-weather operations be- 
cause (he period dukng which -the concrete must 
be protected from freezing is shortened. How- 
ever, if used in warm weather, there Is the prob- 
ability ? f flash set (rapid hardening of the con- 
crete). There are two types of calcium chloride: 
flake and pellet. Two percent of the flake type or 
1.6 percent of -the pellet type (by weight of the 
cement used) is generally the maximum amount " 
to use. When you use 'the flake type, approxi- 
matcly 2 pounds of calcium chjoride per sackof V 
nitfiit Is recommended. However, if close control ' 
of hardening is desired, tests should be made to 
determine the amount of agent to U3 e. because the 
acceleration effect is not the same for all cements • ' 



3- Aggregate ^ 

1> Concrete abrogates are strong, durable. 
. and chemically *fert materials which constitute 
the major bulk of the concrete. They should con- 
sist of clean. unco 3 ted.particles having a good dis- 
nbution between size>limits. Materials common- 
ly used as concreteiaggregates are natural sands 
and gravels, crushed rock, crushed slag, or «ner 
similar materials. 

2. Harmful Substances. Normally, aggregates 
are rejected .or reprocessed if they contain soft, 
frable soils (that are easily crumbled, or pulver- 
ized) thin, flaky, elongated, or laminated parti- 
ta * m T tha % 3 Percent b >' wei « ht or 
^hale in excess of 1 p e ?cent by weight. Silt and 

fines (particles smaller than sand) should be 'held 
between the limits of 3 and 10 percent passing a 
Nr. joo sieve (100 holes per square inch). A set 
of sieves >s shown in figure 2. If all of these types 
of materials are present, their combined amount 
may not exceed 5 percent by weight of the com- 
bined aggregate. Clay, silt, and rock dust are verv 
harmful because they reduce the strength and 
durability of ?ncroU . hy inhjw « 

bond lH-.w,,-n the c-m.-nt and aggregate parties. 

'. <f ra ««a«»». Olcidntion of aggregate is a 
major factor in thejworkability, water require- 
ment. and strength of concrete. Normally the 
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maximum size of aggregate should v nQt, exceed 
2 inches^ and the largest particles should not be 
over one-fourth the pavement thickness.. Fine 
and coarse aggregates are 4iopnally separated on 
the Nr. 4 sieve. Those passirfg through the sieve 
are classified as fine aggregates and those* remain- 
ing are. coarse, aggregates. The fine and s coarse 
aggregates arc handled separately to permit ad- 
justing the proportion of each to produce a dense 
and workable mixture. The gradation 'of the 
coarse aggregate is not too important but the g»da- 
tion of the fine aggregate is. very, important and 
trie requirements giver) in the specifications should 
be followed. No' universally accepted- standard for 
gradation requirement^ has been developed; there- 
fore, no aggregate will be. rejected solely because 
its gradation does not meet some established 
standard. . * „ 

4. Physical Properties. Specific gravity, ab- 
sorption, and moisture content of aggregate are 
the important properws considered in designing 
.concrete mixes. The specific gravity is used to 
determine the voids in the component. The aver- 
age specific gravity of sand, gravel, and' limestone 
is 2.65; the average value for granite is about 
2.70; and for traprock, "about 2.95. The personnel 
responsible for making the test of specific gravity y 
ani o absorption o£ aggregate should f<?llow the 
procedure outlined in Design and Control of 
Concrete Mixtures, published by the Portland 
Cement Association-. 

5. The absorption capability and moisture 
content are used to obtain the water-cement ratio. 
The absorption capability is also used to detect ^ 
soft aggiegate. Traprock and granite absorb wa'ter 

. to the extent of atjiut Vz percent pf . their dry 
weight; good average sand, gravel, and limestone 
absorb about 1 percent; and porous sandstone 
abto^bs about 7 percent. Irj very light, porous ag- 
gregate, the absorption may be as high as 25 per- 
cent. Aggregate which absorbs more than Wl per- 
cent by„wcight after 24-hour submergence in water 
at 70" F. is checked for durability by comparative 
freezing and thawing tests if it is to be used in an 
area where freezing occurs. 

6 . Composition* The abrasion-resisting me- 
dium in concrete is tfie aggregate. Traprock, 
gravel, and granite are usually the best materials 
for coarse aggregate and natural sands are befftr 
for fine aggregate. 

7. Organic Impurities. Natural sands some- 
times contain organic materials, usually from 
'decayed leaves and other plant life, which are 
detrimental to the hardening of concrete. The 
sand should.be tested to determine the amount of 
these impurities. Two methods of testing for 
organic content can be used on the job. One test 
is known as the qiprt-jy mcthbd. Place 2 inches 
of sand in a quart jar and add water until the 

* 

% * 
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Figure 3. ° Quan.jar method of determining silt content 
of sand. 

% 

jar is about three-quarters fijll. Vigorously shake 
this mixture for 1 minute and aliow it to stand for 
1 hour. U.more than- a tt-inch layer of silt forms 
on the surface of the sand (.fig. 3), thlsflt content 
is too high. Sand containing excessive silt must 
be discarded of washed ^remove the 'silt. Small 
amounts of sand can be successfully washed on a 
device similar to the one shown in figure 4 The 
sand is thrown on the sloping device^Fhe water 
• washes it gown to the bottom ancf the silt passes 
\th rough the screen. • » ' * 

8. The second test can be«made by placing a 
representative sample of sand* ift a 12^mnce 
prescription botUe. The bottle should be filled 
to the 4^^ugce mark, and enough sodium 'hv- 
droxide added to bring thejevet to the 7^>unce 
mark. This solution should be thoroughly shaken' 
and avowed to, stand for 24 ho^urfc If the liquid 
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above the sand is colorless or light yellow* the 
sand is satisfactory.^ If the liquid is brier* yellow 
or medium brown, the sand should not be usea un- 
jess -strength tests prove jhe color-producing * 
^organic fmatter tcqjpt harmless. 

9^ When using sand of doubtfuf quality op 
from a nonuniform source, make te'sts daily (or 
more often). Either of the two tests provide an 
excellent .check fiJK^t or clay content. s The 
heavier sand particles* settle' in a very few minutes, 
and all sediment settles within 20 minutes. This r 
Icives the sample deposited in* layers hy particle 
sizes, with the very fine matter in a well-marked 
layer on the top of, the sand. If the bottle is not ' 
disturbed during the settling, both sand and silt will 
be level on top and the volumes <:an be compared 
with extreme accuracy. 

4. Water 

1. Water which is safe for drinking is " safe 
for making concrete. .Hoover. .water which is 
not potable (fit for drinking) may still be. satis- ' 
factory for making concrete. - If there is a reason 
to Suspect the suitability of the water.supply. tests * 
may bomn on mortar made with the suspected 
water. Normally,the tests are made on the mortar 
at the age of 28 days, but in emergencies, a test 
• may be run after 24 hours, with a confirming test 
macfc at 7 days. If the engineer finds, that the 
mortal made with the test water is at least 90 
percent as strong as mortar* made with water 
known to be practically pure, the water is con- 
sidered usable. Waters containing strong acid or 
alkafine inorganic salts are not'acceptable. 

S. Handling and Storage of Materials 

1." The methods by which the materials* are " 
handled and stored* can be an important fac- 
tor in' maintaining consistent ^mixtures, There- 
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Figure 4. Device for u ashing sand and gravel with high silt < 
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fore, . haAdle and store materials according to 
specifications. ~ 

2. Cement Sacked cement whfch is to be 
stored for a long period of time should be placed 
in a near k airtight warehouse or shed. The floor 
of the shed shfc^ld be aboveground and all cracks 
in the walls sealed. Sacks should be stacked close 
together to reduce air circulation. The sacks of 
cement should be stored on a raised floor away 
from the walls. A suitable temporary storage shed 
is shown in figure 5. Note that the tarpaulin 
extends over the edge of the platform to prevent 
rain from colJfecting on the platform and thereby* 
reaching the bottom sacks. Cement which does 
not come in contact with moisture will retain its 
quality indefinitely. Cement which has been stored 
for a long period of time may develop what is 
knpwn as warehouse padc. This condition results 
from tight g^king; however, the cement retains 
its quality. Warehouse j>ack can be corrected by 
foiling the sack on the floor. At the time of use, 
cement should be free-flowing and free of lump's. 
If the lumps are hard to brea'k up. tte cement 
should be tested to determine its suitability. 

3. Aggregates. Normally, aggregate is stored 
in stockpiles built up iri layers of uniform thickness. 
Stockpile buildups 'should be accomplished in a 
manner which prevents*the separation oftargeWi 
small particles. Every batch of aggregate which" 
comes to t&e mixer should be of the same com-* 
position and consistency. Therefore, stockpiles 

■ should not be. formed in high cone shapes or 
allowed to run dowi^slopes because this causes" 
separation. Aggregate should b^pjpeed in layers. 
an t d in individual units not larger than one truck 
load: Damp, fine Aggregate has less tendency 
to segregate than dry. fine aggregate. To further 
prevent separation, never allow aggregate to free- 
fall from the conveyor belt, and make the haul 
distances as short as possible. If batching equip- 
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CENTER 



(U. / - SEPARATION 



RIGHT 




WINO 




WRONG 





WftONG 




Figure 5. Cement stored under a tarpaulin. 



WRONG 

Figure 6. Methods of handling aggregate, 

iri&nt, is used, tome of the aggregate will be stored 
in bins. Bins /should be located by allowing the 
material to fan vertically over the outlet. Chuting 
ahc material it an^angle against the side of the 
bin causes segregation of particles. Correct and 
incorrect methods of storing aggregate are shown 
in figure 6,' / ■ 

4. Water. Sediment tanks and 250-gallon 
water tfailers are used to haul and store water 
and should, be stored near the mixer. 

6* Water-Cement Ratio o 

* 1. The amount of witer used when mixing 
concrete is of'critical importance in every case. 
If too much water is* used, it will eventually f 

* evaporate and leave undesirable voids hi the con- 
crete. Water used for concrete is usually expressed 
jn terms of gallons per sack of cement. It ftiay 
also be expressed as the ratio of the weight of water 

^used per sack of cement to th$ weight of the sack 
of cement. For example, if 5,0 pounds of water 
per sack of cement is used and the weight of one 
sack of cement is 94 pounds, the water-cement t 
ratio is 50/94 or 0.53. However, the amount of 
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° TABLE 1 

REUf ION BETWEEN MIXING WATER AND 
COMPRESSIVE STRENGTH OF CONCRETE* 



£ C^tloit* of <*jiur j»er 
* talk of Cfm«m 


4 




6 


7 


6 


Probable average 7* 
<lay »trrnglh ir psi 


4,400 


J, 500 


i, 500 


i. 206 


I. BOO 


' — P?*b*bU Average 2H 
da v t:?enf:h in p*i 


fc.OOO 


5. 000 


-.000 


3. 300 


2, 80a 



*A safety*?** tor of 15 percent should bt allowed vhtn 
selecting the water content required. If 2,800 pounds 
per square Inch concrete at 28 deys is required, s water 
content corresponding to s strength of 3,200 founds per 
square inch should be selected. 

water to be used Vill be given in gallons per sack 
of cetnent in the rest of this chapter. Tabic \ gives 
the quantity of witter to be used fo°r concretes'of^a 
given^ strength. No:e that the morc^ water used, 
the less the strength of the concrete. Proper curing 
must be provided to obtain these strengths. The 
strength of concrete increases with time, as shown 
in figures 7 and 8. Figures 7 and 8 also show the 
, compressive and flcxural.strcngtrMime relations for 
concrete. Compressive strength is the ability of 
a concrete slab to resist crushing, and flexural 
strength is, its ability to resist bending. 

2. For construction, where strength and econ- 



omy arc important and the work is not* hurried, 
tests for strength should be made with the materials" 
to be used on the job and under job conditions. 
These tests should include not less than three . 
different water contents. Sample batches of con- 
crete -are mixed, cured, and tested for strength. 
From these tests, the proper water content can be 



selected. The 15-percent safety factor recom- 
mended for use with table 1 should also be used 
here. 

3. The amount of water in the aggregate, in 
excess of that present when the aggregate is in a 
saturated surface dry condition, mu^t also be in- 
cluded as mixing water when the amount of water 
to be added in designing concrete mixtures is 
determined. The term "saturated surface dry" 
implies that the voids in the aggregate are filled 
jvith water and the surface" of the aggregate is dry. 

7« Consistency 

1 • A ^prjeretc mix with a fluid consistency 
flows easily^into forms and around reinforcing 
steel. A stiff concrete mix does not flow readily, 
'and usually requires additional labor or special, 
equipment to place it. Immediately after being 
mixed, concrete should be plastic, neither fluid 
*nor stiff. 

2. The means of measuring consistency is the 
slump test. To perform this test, place the con- 
crete mix in a cone-shaped form where it is 
rodded or tamped. After the mixture is stamped 
and the form is removed, the concrete slumps to 
a position of equilibrium. The amount of slump 
is then measured in the rrtanner illustrated in figure 
9. The greater the measured slump, the 
fluid is the mix. The concrete should have 
more slump than- necessary to enable the pjaccing 
crew to place it. If morc^lumpissie^dej^ 
be obtained by reduemg the amount of sand and. 
coarse aggregate rattier than adding more water. . 



AGE Of CONCRETE IN DAYS 
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Figure 7 Com pre xu re a tren v//mi/mc relation \ for c oner etc .< 
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Figure S Flexuntl urcnwih-iunc relation* for concrete. 



Workability refers to the case uith which 
a certain concrete mix*can be placed in a partic- 
ular position. However, ttors term has "separate 
uses. For example, a concrete containing large 
aggregate particles with a stiff consistency would 
be workable in a large mass but would not be 
workable in a thin wall with closely spaced re- 
inforcing bars. 

8. Trio* Method'of Mix Design 

A Each particle of aggregate is completely 
surrounded by cement-water paste, and almost 
all of the spaces between the particles arc com- 
pletely filled with the paste if the concrete is 
properly mixed. This paste binds the aggregate 
into a solid mass, and the strength of the concrete 
primarily depends upon the strcngtti of the paste. 
The binding propc'Kics of 'the paste arc due to 
chemical reactions (hydration) between the ce- 
ment and water... Favorable conditions must be 
present "if maximum strength of the paste is to 
develop through hydration. 

2. Asiclc from producing a material, paving 
the required, strength, durability, and watertight- 
nes*. economy is trie important factor in clcsign- 
ing concrete mixes. As much fine and ^coarse 
aggregate as possible should be used since this 
material" is cheaper than cement. The trial-mix 
method of obtaining the proper amounts of fine 
and coarse aggregate to be combined with each 
sack of cenient should be used. lit most cases, 
the required strength of concrete has been estab- 
lished by the engineer responsible for the design 
of the project?*' The compressive strength of con- 



cretc made with { various amounts of water was 
gi\en in tabic 1. The amount of water selected^ 
includes free water .present in the aggregate plus 
water added at the mixer. 

3. Select the required slump-from table 2 if the 
designer ha* not furnjshed this information. The* 
amount of slump required will vary, with the 
type of construction. -Thin merrbcrs and those 
which contain large amounts *of reinforcing steel 
require more fluid or plastic mixes than do large 




/ Wire 9 Slump tat 



Table ^ 

RtCOM MENDED SLUMPS FOR VARtOUS TYPES OF » 
Cowcnmrnow* v 



Iyp« of Construction 


Slump in inches 


Maximum 


Minimum 


Rciniorced foundation w»tls 






/ *nd footings 


4 


I 


Plain footings, caissons, and 






•ub)jructur« *alU 


* , 


I 


Slab*, beams, and reinforced 






walls 




Z 


Building columns 


5 


1 


Pavements 


) 




Hean mas» construction 


3 


\ 1 



by weight which 



*^hen high .frequency vibrators are to be u»ed. the table values 
should be reduced by one'third + 

masses of concrete with little reinforcing steel. 
Selecting the proper^jump is important since it 
affects the amount of aggregate to be used and 
- the amount of labor required to place the concrete. 

4. When using any new combinations of fine 
and coarse aggregate, make trial mixes, and de-. 
termine the amount of each to be used per sack of 
cement. -In small or unimportant work, an arbi- 
trary mix of 1 part cement, 2 X A pants sand, and 
V/x parts 'gravel (1:2W; 3Vi) may be used 
However, the amount of aggregate will vary with 

• the water-cement ratio previously decided upon. 
Determine the amounts cjf mqjsturewprcscnt in, 
aggregate in the laboratory, on estimate \\ by 
using the following information:- 
f 1 ) The percentages of * water 
the various types of aggregate^ 
given under "Physical Propcrfle! 
oughly dry aggregate is used. thi$J|Tiount of water, 
is added and is' not considered, in the water- 
cement ratio. \ A 

*(2)*Thc approximate quantity fin gallons) of 
surface water or free ( unabsorbcd£ water carried 
bv a cubic foot of averaec aucrceatb is as follows: 

\ Very wet sahd % ' \ I 
Moderately wet s.Tnd 

Moist sand* \ }j 

Moist gravel o/ crushed rock W tf 

* (3) The water in damp sand forms a film 
on the grain, fluffing them apart to an extent 
much greater than the actual volumevof the sand. 
This bulking is greater at a moisture content l of 
about 6 percent of dry weight, at whicrt/rirttTc the 
bulking maybe as much as 20-or eveft 30 percent 
of the dry* volume. Additional" water .packs' the 
sand and decreases the bulking. Sand has about 
the same volume when^completcly Hooded as it 
Iras when measured dry and loose. 'Bulking is 
allowed for \vhc;t measuring sand by volume and 
is- determined ' by tests if necessary However, 
the effect of moisjurc on the volume *6f coarse 
aggregate is negligible. 

5. Allowing for free watcr^and bulking^ trial 
hatches C 1 , t< sack of cement mixed hyjiand) or 
full-size 1 mixer hatches are made. ?\ he proportions 



for the first trial mix for the required water-cement* 
ratio and selected slump ,are given in table 3. 

6. Aggregate proportions sltbuld be adjusted 
lo give the desired workability without changing 
the water-cement ratio. If the first batch looks' 
and handles like good concrete and it is readily 
workable, small increases in the coarse aggregate 
can berried to reduce the cement demand. If 
the mixture is too rjarsh, too dry. or otherwise 
unworkable, adjustments are made in the fine 
0£ coarse aggregate approaching the proportions 
given for the next greater .slump. The following 
is given as an illustrative -example: 

7. A 2-sack batch 'composed of 1-inch max- 
imum size aggregate, water-cement ratio of 7 
gallons, per sack, slump or 3 tp 4 inches, and dry 
compacted volumetric proportions of 1:2. 3.3 6 
is selected for trial. Batch quantities for 1 batch 
in a 14-cubic-foot mixer are: 



Water 
Cement 
Fine aggregate 
- Coarse aggregate 



9.3 gallons . 
2 sacks ' 

5 5 cubic feet (damp-loose) 
7.6 cubic feet (damp-loose) 



These quantities were taken from table 3 H under 
the column headed "Materials for 1 batch in 14- 
cubic-foot mixer, assuming the average damp 
materials." The quantities listed in thfe column 
arc based on the following assumptions: moder- 
ately^wct sand carrying Vi gallon of free moisture 
111. absorb were>*" per curpic. foot with damp-loose volume 1 .20 times 
\Whcn thor- the* dry-compacted volumes moist gravel carrying 
! 4 gallon of free moisture per. cubic foot with 
damp-loose volume of 1.06 times dry-compacted 
volume. Water quantities have been adjusted for 
^ the moisture carried by the aggregatV!^Thc amount 
\ shown is to be added to the mixer. Batch quanti- 
m \ tics arc for whole number of sacks of cement to 
\givc a batch quantity, not greater *than 14 cubic. 
Vect. 

\ 8' When poured, the above mix turns out to 
be too wet (large slump), and ij appears to^be 
oversanded! Investigation shows that the moisture 
content of the fmc aggregate is about 4 percent 
and. the coarse is about 2 percent bf weight. To 
'adjust thk mix. the amount of coarse aggregate 
is incrcaseO with a corresponding decrease in 
added water, thus economizing on cement and 
tending to correct the oversanded condition. The 
coarse aggregate for the second batch .is increased 
0 4. from 7 6 to 8 0 cubic feet f damp-loose). 
The adding of 0 4 cubic foot *of ^coarse aggregate 
which carries x <\, gallon of free'* water per cubic 
foot introduces U • 0.4. or 0.1 gallon of extra 
.water. The adjusted batch quantities for the . 
second trial are: 



about x h 
about '4 
about x/ * 



V*ter 
Ceaent ' 
Fiae aggregate 
Coarse aggregate 



.9.2 gallona (9.3-0.1) 
2 sacks * 

5.5 cubic feet (daap-loose) 
8 cubic feet. (daap-Xoose), 



• ' 40 
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TAHLI: 3 * 

Properties. Batch Quantities, and Unit Ouantitifs fo» 


Concrete 


Mixes 










Maxtmum 






4 




Materials for 1 batch in 14-eubic 


Yield 
cu. ft. of 


Unit quantities of materials for V 
cubic yard of concrete 


size 
of 


cement 
ratio 


Slump 
(inches) 


Proportions 
by dry 
weight 

♦ 


Proportions 
by volume 


/(Nil tn 


damp mt 


Uertals 




concrete < 
ier 1 bag 
batch) 


Zement 
(94 lb. 


Weight 
(damp) 


Volume 
(damp loose) 


coarse 
aggregate 

«t)V 




(dry -com' 
pacted) 


Water 
(VS. 
gal.) 


Cement 
(94 lb, ( 
tacks) 


Fine 
r cu. ft.) 


Coarse I 
(cu. ft.) 


sacls) 

1 


Fine 
tons) 


Coarse 
(tons) 


Fine 
(cu. yd.) 


Coarse 
(cu. yd.) 




4 

s 


V* lo 1 
3 to 4 
5 to 7 


1 2.0 3.1 
1 1.7 2.5 
2 0 


1 1.7 2.8 
1 1.5 2.2 
1 1.2 1.1 


9.7 
14.1 
15.2 




6.1 
7.2 
5.7 


1.9 

9.3 
7.6 


4.07 
3.56 
- 3.11 


6.64 
7.59 
, 8.68 


0.65 
.63 
.60 


0.99 
.91 
.83 


0.51 
.49 
07 


0.73 
.67 
.61 




5Vi 


Vi to 1 
3 to 4 
S to 7 


1 2.2 3.4 
1 1.9 2.9 
1 1.6 2.3 


1 1.9 3.0 
1 1.6 2.6 
1 1.4 2.1 


'10.7 
11.5 
16.4 


< 


6.9 
5.1 
6.8 


9.5 
13 
1.9 


4.40 
3.95 
3.50 


6.14 
6.83 

7.71 


.66 
.64 
.60 


1.00 
•95~ 
.85 


.51 

.50 * 
.47 


.73 
.70 
.62 




6 


V4 to 1 ' 
3 to,4 
5 to 7 


1 2.S 3.S 
1 2.2 3.4 
1 1.9 2.1 


1 2.2 3.4 
1 1.9 3.0 
1 1.6 2.5 


11.4 

12.2 
13.1 




7.9 
6.9, 

5 A 


ro.s 

9.6 
SO 


, 4.92 
4.47 
3*5 


5.48 

C At 

6.83 


.67 
.65 
.64 


1.00 
.98 

.92 


.52 
.51 
.50 


.73 
.72 
.67 


1 inch 


6V4 


V* to 1 
3 to 4,' 
5 to 7 


1 2.S 4.1 * 

1 2.5 3.7 
1 Z2 3.3 


1' 2.4 3.7 
1 Zl 3.3 
1 1.9 3.0 


t.l 

13.1 
13.7 


— 


5.1 

7.6 
6.9 


7.9 
10.5 
9.6 


5.32 
4.S6 
4.54 


5.07 
5.55 
5 95 


.70 
.68 ' 
.64* 


1.00 
.98 
34 


.54 

.53 « 
.50 


> .72 
.69 






to I 
^IO 4 
5 toV 


• 1 -3.0 4.3 
1 2»7 4.0 
1 2.4 3.6 


1 2.6 3.9 
1 2.3 3.6 
1 2.1 3.2 


t.s 

9.3 
14.7 


W 1 


6.3 
5.5 
7.6 


1.3 

7.6 
10.2 


5.63 
5.24 
4.S6 


4.S0 

5.15 
5.55 


.70 
.68 
.65 


1.00 
.99 
36 


.54 
.53 
.51 


.73 
.72 
.70 




t 


to 1 
-> 3 to 4 
5 to* 7 


1 3.4,4.9* 
1 3.1 4.7 
1 Zt 4.4 


1 Z9 4.4 s 
1 Z7 4.2 
1 2.4 3.9 


10.2 
10.5 
11.0 


~ — " 


7.0 
6.5 
5.1 


9.4 
S.5 
S.3 


6.29 
6.04 
5.64 


4.30,, 

4.47 

4.79 


.72 
.68 
.66 


1:01 
1.01 

i.of 


.56 
.51 


.74 
.74 
.74 




5 


» V4 to 1 
3 to 4 
5 to 7 


1 2.0' 3.7 
1 1.7 3.0 0 
1 1.4 2.5 


1 1.7 3,3 
1 M 2.7 
1 * 1.2 2.2 


9.r 

14.1 




6.1 
SA 
5.7 


10.5 
S.6 

9.3 


4.40 
3.88 

^ 3.36 


6.13 
6.96 
8.00 


.60 
JS 

.55 


1.06 
LOO 
.96 


.47 
.45 
.43 


.78 

.73 
.70 






V* to 1 
3 to 4 
5 to 7 


1 2.3 3.9 
1 £0 3.4 

mJ I' 2 > 


1 2.0 3.5 
1 1.7 3.0 
I 1.5 ^Z6 


10.1 

11.1 

11.7 




7.2 
6.1 
5.4 


tl.t 
9.6 t 
S.3 


. 4.79 
1 4.30 

* 3.M- 


5.64 
6.28 
6.96 


.64 
.61 
.58 


8f 

.97 


.50 
.47 
.45 


.78 

.76 






1 ; 

v* to 1 

3 to * 

5 to 7 


1 2.6 4.4. 
1 2^2 3.S • 
1 2.0 3.4 


1 Z2 3$ 
1 13 3.4 

1 1.7 3.0' 


7.3 
11.9 

Ix.O 




5.3* 
6.9 


S3 

fat 

9.6 


5.24 
4.73 
4*4 


5.15 
5.70 
6.22 


.65 
.62 • 
.61 


1.06 

!« 


.51 
.48 
.47 


.76 
.74** 


j 2 inchtt 


6Vt 


to I 
♦ -3 to 4 
* «o 7 


1 '^.8 4.7 
1 2.5 <4.2 
1 2.2 3.S 


1 2.4 4.2 
1 2.1 3.1 
1 1.9 3.4 


13.4 




5.8* 
5.1 
6.9 


%3 

'it 


5.64 
4.10 


4.80 

5.21 
5.62 * 


.66 
.64 
.61 


1.07 
1.05 
1.03 


.51 
.50 
.47 


.79 
.77 
.76 




7 


V4 tom 
3 to 4 
5 to 7 


1*3.0 5.0 
I 2.7 4.5 . 
1 2.4 4.1 


* 1 2.6 4.S 

1 2.3 4.0 

1 2.1 3.7 


8.5 

9.1 
9.5 




6.1 
5,5 
5.1 


13 


6.03 . 

5.51 

5.1S 


4.48 
4.90 
5.21 

■ * 


.66 
.64 

.61* 


1.07 
1.05 
1.03 


.51 
• .50 
*7 


.79 
.77 
.76 




t 


V4 to 1 

-a to 4 

3 i to \ 


1 J.4 9.3 

' 4 1 3.1 5.1 
1 2 J 4.6 ^ 


* 1 2,9 4.9 
1 2.7 4.6 
1 2*f 4.1 


9.9 
10.3 
10.9 




*J0 
6.5 
5.1 


10.4 
9.8 
S.7 


6.62 
4.29 

[ 5.77 


4.07 
4.30' 
4.68 


.68 

.65 
.64 


1.07 
1.05 
1.03 


.53 
.51 
.50 


. 79 
.77 
.76 • 




*»' 


* 










* 

41 










0 




; 1 KJ( 
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9. By using tabic 3 you can quickly estimate 
the quantity of cement and aggregate required to 
produce 1 cubic yard of concrete. To estimate 
quantities for a particular job, multiply unit quanti- 
ties by the total volume in cubic yards of concrete 
to be placed, and add 5 percent to'covcr unavoid- 
able loss and waste. As an example. 120 cubic 



yards of concrete are to be placed, a 1:2.3:3.6 
mix (dry-compacted volume), water-cement ratio 
of 7 gallons per sack of cement, an^h*tfld^ax- 
imum size, aggregate being used. Estimates of 
quantities of materials needed with a 5-percent 
margin for loss ancj*wastc are shown below. 



a. By volume: 
Cement 

,Fine aggregate 
Coarse aggregate 

b. By weight: 
Cement 



To Be 
Placed 

120 
120 
120 



120 



.Fine aggregate 120 
Coarse aggregate 120 



Unit 

A Mowanee Qitanttty 
for * from 
Waste Table 


1.05 X 
1.05 x 
1.05 x 


5.15 
0.53 
0.72 


1.05 x 


5.15 


1.05 x 
1.05 ■ x 


0.68 
0.99 



9. Mix Design with Entrained Air 

I. Th^-wjethod for designing concrete mixes 
containing air is essentially the same as the method 
for designing those that do not contain air. Using 
t^ble 3 with some slight changes, you may estimate 
a trial mix. The quantity of sand selected from* 
table 3 will be reduced, but the amount of coarse 
aggregate will remain the same. The procedure as 
follows applies to the design of a concrete that is t 
to have a given strength with "4 percent entrained 
air. 

2. The amount of water, to be used for the 
strength required is obtained from table 2. This . 
amount of water should be reduced by 1 gallon 
in order to compensate for the reduction in strength 
that always accompanies the use of entrained air. 
The weight of the sand given in table 3 should be 
reduced about 40 pounds for the first trial. After 
the first trial proportions are obtained, the pro- 
cedure is identical to that of mixes using standard 
cement. Experience has proved that a concrete 
mix with 4 percent entrained air may have 1 to 2 
inches 7ess slump thai! a concrete mix without 
entrained air and still be placed easily. For a 
trial mix containing 2 sacks of cement, a water- 
cement ratio of 6 gallons of water per sack of 
cement, and a 1- to 2-inch slump, the proportions 
by weight, for saturated surface dry aggregate, ' 
would be 2 sacks pf cemlnt, 240 pounds of sand! 
580 pounds of coaWa^regate. and 10 gallons 
of water. The weight of-5and-and~th<? Amount 
of water added at the" mixer will need to be" 
adjusted, as described earlier, to account for the 
amount of water in the sand. 

3. If the .volume measurement is used, the 
voIUmcof sand listed in table. 3 should be reduced 
by about 0.4 cubic foot. 

4. The small entrained air bubbles act very 

10 



Quantity Needed 

L 

649 sacks (162 barrels) 
67 cobic yards (damp-loose) * * 
91 cubic yards ((Jamo-focse) 

649 sacks at 94 pounds each 

= 61.000 pounds 
86 tons (damp) 
125 tons (damp) 

similarly to sand. They lessen the possibility 
of "bleeding; 1 a term referring to the flow of 
cement paste out of the concrete creating an ex- 
tremely undesirable condition. On. large jobs the 
amount of entrained air should be measured at 
least once a day by the engineer. 

5. Air entrapment can be done by the use of 
air-entraining cement or by the addition of com- 
mercially available air-entraining compounds/ 
These compounds must be used according to the 
manufacturer's instructions. 

10. Mixing 

k 1. The objective of mixingNs to insure that the 
aggregate is well distributed .throughout the con- 
crete, and each particle is fully coated with a film 
of cement paste. Concrete may be mixed by 
hand 1?r in a mixer. Tfce mixing should be done 
as close to the point where the concrete is to be 
placed as possible. ■ 

2. Mixing 'concrete by hand (for small jobs) 
can best be done in a rflortar box (fig. 10) or on a 
tight wooden platform which will not leak nor 
absorb water from the concrete. A measuring 
device (pail, measuring box, shovel, or wheel- 




Figurc 10. Metal mortar box. 
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Figure 11. Measuring box. 

barrow) can be used to obtain the correct amount 
of sand. A measuring box is shown in figure 11. 
I To h^nd-mix concrete, the sancLshouldJbe .spread 
} uniformly in the center of the platform. Next, the 
correct amount of cement should be uniformly 
spread over the sand. The sand and cement 
should then be thoroughly mixed with a mortar 
hoe (see fig. 12). When the ingredients are well- 
mixed, the combination is of uniform gray, color, 
free from streaks. Then the coarse aggregate 
should be measured and mixed with sand and 
cefj|fit until it .is welj, distributed in the mass. 
At least three 'or four complete turnings are nec- 
essary to properly distribute the aggregate in the 
ingredients. 

3. After the dry ingredients are completely 
mixed; a depression is jnade in the center of the 
pile to hold the water. A specified amount of 
water is measured and slowly pouted into the 
depression as shovelfuls of the ingredients are 

. turned into the water. Then, the remainder of the 
water is added and the ingredients mixed until 
the concrete has the proper plasticity. A concrete 
'mixer is best suited for mixing concrete for large 
, jobs. A concrete mixer is shown in figure 13. A 
manually charged mixer should have the dry ma- 
terials measured into the hopper } and about 10 
percent of the water poured into the mixer drum. 
As the dry ingredients are poured into the drum, 
approximately 80 percent of the water should be 
added along with them. After all of the other 
ingredients are in the drum, the remaining 10 
percent of the water is added to the mix. 

4. The length of time concrete should-be mixed 
varies with different mixers. Specifications usu- 
ally require concrete to be mixed a minimum time 



2. 




Ptifrucfi 12. %ortar hoe. 




1. HAND WHEEL AND 
SKIP SHAFT 

2. WATER DIAL ARM 

3. WATER DIAL 

4. WATER TANK 



5. SKIP LOADER 
OR HOPPER 

6. MIXING DRUM 

7. DISCHARGE CHUTE 
8 STABILIZING STAND 



Figure 13. Concrete mixer. 

of 1 minute for the first cubic yard, and an addi^ 
tional 15 seconds for each additional one-half 
cubic yard However, manufacturer or technical 
order o instructions regarding the operation of a 
specific mixer should be followed. 
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CHAPTER 2 



Reinforced Concrete and Concrete Structures 



MOST OF US have seen the enormous con- 
crete skyscrapers of our modern cities. 
It is doubtful that mainy of us ever thought of the 
other materials, besides concrete, that are used 
in constructing these huge structures. Without 
the great tensile strength provided by steel re- 
inforcing material, concrete structures would be 
subject to the same limitations in design as those 
imposed upon architects of several centuries ago. 
Tensile strength^ the greatest longitudinal stress 
a substance can bear without. tearing apart. The 
use of steel reinforcing material is* responsible for 
the large areas of clear floor space (free from 
supporting columns and bearing partitions) fountf 
in aircraft hangars, auditoriums, factories, sta- 
diums." etc. 

2. Besides talking about the material, methods, 
and procedures used in reinforcing concrete with 
steel, we will also cover the preparation of con- 
crete for structures. This wiJHncludc concrete 
forms, handling and transporting, placing, finish- 
ing, and curing concrete under different weather 
conditions. Watertight concrete, waterproofing 
compounds, and membrane watcrproofine are also 
discussed. 

11. Reinforced Concrete 

1. Reinforced concrete units are metal (usually 
> steel) and concrete bonded together. The patterns 

/ of steel rods (bars) in a reinforced concrete build- 
ing are designed to withstand the stresses and 
strains imposed by other parts of the building. 
They also permit jhe concrete to withstand most 
of the compressive stresses. The combination of 
steel and concrete forms an excellent structure 
of economic design. s 

2. Because of its tensile strength, steel is con- 
sidered the bgst metal for reinforcing concrete. 
To make sore the reinforcement purposes are'not 
defeated, there must* be a, good bond between the 
steel and the concrete. Bonds arc created by nat- 
ural means and arc improved fiymcchariical means. 
The natural bonding of concrete to steel is brought 
about by the adhesion and shrinkage of concrete* 
v during hydration. This action causes trie concrete 



to grip the metal tightly. The mechanical bonding 
of concrete to steel is brought about by twisting 
or otherwise deforming the metal. There are a 
variety of types and sizes of^einforcing material 
used to reinforce concrete. 

3. Materials. Reinforcement steel is available 
in rods of various sizes. They are plain, iwisted, 
or deformed by rolling or stamping. The indi- 
vidually used rods arc often woven, wclded^pr tied 
together to construct reinforcement units. Units of 
special design arc constructed and placed together 
according to a 'predetermined system or pattern. 
When used for concrete floors, columns, and 
slabs, reinforcing steel is assembled at the 'begin- 
ning^ the job so that it is ready for installation 
when the form-work is completed. 

4. A plain rod is a straight piece of steel stock 
that has not been twisted or deformed. A de- 
formed rod is one that has been stamped or rolled 
to form rough designs on the outer surface. Plain 
and deformed reinforcing rods are shown in fieure 
14. 

5. After reinforcing units are constructed, they 
arc placed in a form, and braced sajhat they will 
retain their shape and position while concrete is 
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PRECAST CONCRETE BLOCK 
OR jyjpNE OF PROPER SIZE 




Figure 15 Stir! plated in a footing. 

placed around trjem. After reinforcing units are 
pl\CK.\\ they should be inspected for defects such 
as loose tie wires. A reinforcing unit placed in a 
form is shown in figure 15 The arrow in figure 
15 points out the small preuast concrete block 
that is used to support, fasten, and correctly space 
the unit. 

6 Wmcn wire is a steel reinforcing fabric 
haxing a rectangular or any number of different 
mesh patterns The mesh can be purchased in 
several si/cs with different si/es of wire, The 
longitudinal wires are spaced and then tied In 
position h> smaller^ transverse locking wires, as 
shown in figure 16 

7 • Welded wire fabric is commonly used as 
steel reinforcement in footings, walls, and slabs 
Variations in mesh are .obtained by welding. 
Welding produces a more rigid, leAs distorted 
fabric than woven wire. A roll of welded wire 
fabric is shown in figure 17.' 

8 Anumber of different devices are used to 
supporfamj correctly space reinforcement steel, 
I he steel rods must be correctly spaced in rela- 
tion to each other and. the sides of the form-work. 
Supports and spacers (also "called chairs and sad- 
dle*) are used in the forms to suppoty and space 
the reinforcing material. Slab) bolsters, stone of 
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Figure 17.. Welded wire fabric. 



the proper size, and precast concrete block 
with metal ties; as shown in figure 18, are used 
to support the steel. Stirrups are used to support 
reinforcing material used in concrete girders and 
beams. Several types of supports and spacers are 
shown in figure 19. 

9 The height of the supports used to hold the 
reinforcing material in a concrete slob is deter- 
mined by the concrete protective co*er specified. 
Footings and other principal structural members 
(against the ground or exposed to the weather) 
should have at least 3 inches of concrete between 
the steel reinforcement and the ground and a 2- 
mch protective covering of concrete above the 
steel reinforcements. 

10. Anchors. Steel reinforcing rods must be 
securely anchored at the ends. Three types of 
anchors are shown in figure 20. They are large 
washers and nuts, right angle bends, and hooks. 

11. Reinforcement Structures. "The construc- 
tion of the reinforcing unit and the form-work 
for the concrete should be built simultaneously 

TIE WIRE 



LONGITUDINAL WIRE 
* 



TRANSVERSE WIRE 

/ 

Figure 16 A tettton uf umr/i wire. 
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'figure IS. Precast concrete block. 
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figure 19. Types of supports and spacers. 



so there will be no loss of time. The iype size 
canons for, ft, ammt , Wa||s | ° 

rods arc used, they will be" connected to he 3 
as shown n ficure -Ji n,/-i d "- 
in walk Sc h. S . hc P ,ace ment of steel 

hh « r L« 35 placi "S stwl for a concrete 

• or " 00r - except that the steel is erected ,n 
Place rather than preasscmblcd. Note, in figure ^ I 



The 




HOOK 




WASHER AND NUT 

Figured. Types of anchors. - 



wire ties at the' top and bottom of the form-work 
serve the same purpose as the wooden TckTL 
wo" as to hold the steel in Alacc flE ; are 
drilled through the-form-workjnd he 

to boards on the other side to hold :he wire in 
Place. The wooden blocks are removed frZ th» 
top of the f 0rni whcn t|w f?rfn wTfh CO, 6 



tie wire 




CONCRETE 
FOOTING 



REINFORCING 
BARS I 

Wire tie for dowel 

-AND WALL STE£L 

4 



47. 



V 



Figure 22. Steel in place in a floor slab. 

u 

\ crete to the level of the blocks. When constructing 
high walls (6 feet or more) use additional ties' 
between the top and the bottom of the form-work. 

13. Floors. Steel rods are used to reinforce 
concrete floors containing girders and beams. The 
reinforcements are generally placed with 'girders 
and perpendicular to beams. Steel in place in a 
•floor slab is shown in figure 22. Before placing 
concrete, be sure the reinforcing material is tied 
where the steel rods intersect. The height of the^ 
slab bolster and high chairs, shown in figure 22, 
will depend on the specifications for the job. 

14. Columns. Steel rods and wire tie* are used 
tV build reinforcing units for columns. Steel re- 
inforcing units are -built in sections, as sHown in 
figure 23, and the pumjjer of sections used depends 
on the height of the column. Where two sections 
are connected, they overlap eachtother, as shown 
in figure 24, aixj are secured with wire ties. After 
the reinforcement i* in place, the 'fornuwory is 
built around it and the steel is attached to the Jorm 
with wire ties, a* shown in figure 25. In /rder 
to build reinforcing units for various structures, 




' Figure 24. Column reinforcing steel in place, 
m ft 

the individual rods must be "bent and cut to form 
these units.' / 

1 5 . Bending and Cutting Reinforcement There 
are various bends u^ed in bending steel reinforce- 
ment rods. The standard sizes- of steel rods are 
shown in figure 26. When l$ige numbers of rein- 
forcing rods of various lengths and shapes are 
required, they are bent on a bar-bending table 
.like that shown in figure 27. Shears are available 




* ♦ • • Figure 23 . Column reinforcing steel assembled. 



TIE WIRE 

Figure 25. Method of holding column steel in place. 



19 



ERJCT 



4& 



V 




-> 




, "Weight .{lb 


Bar No . 




Diameter (in) 


x Area (sq in) 


per ft) 






1/4 


0 05* 


0 17 


3 




3/8* 


1 1 


38 . 


4 




1/2 


> ^ 20 ^ 


. 67 






. 5/8 


. 31 


; 1.04 


6 . 




3/4 


. 44 


1. 50 






7/8 


. 60 


2.04 


' 8 




-'1 


. 79 


2. 67 


9 




** 11/8 


' }. 00 


3.40** 






** 11/4 


1. 27 


4. 30 


11 . 

• 




** 13/8 


* 1.56 


5. 31 



*The 1/4-inch round bar can be obtained only as a plain bar. 
Approximate diameter. These round bars are equivalent in area to the 
obsolete 1-, 1 1/8-, and 1 1/4-inch s*quare\bar s> 

* 

* ** 

Figure 26. Standard sizes of steel reinforcing rods. 



tages. Local material can usually be used in the 
mix. It can be cast into any shapeTand in its 
plastic or fluid state, it can be readily handled and 
placed in fopjjs. 

'2. Forms* All forms for concrete are con- 
structed by the carpenter specialist. As a masonry 
specialist, if asked by the carpenter, you will 
advise him \fi building and placing concrete forms 
from the design drawings, blueprints, and sketches 
fbr the job. Bqlore pouring concrete you should 
check the forms to be sure that they are^tifht, 
rigid, and strong. Also-check the sides of structural 
forms to be sure the wood spacers and wire ties 
arc in place. $y looking at figure 28, you can see' 
that the spacers hold the forms apart and the ties 
keep the sides of the form from spreading apart 
while the concrete is being placed. The wood 
spacers must be removed as the forms are filled 
so that they will -not become imbedded in the 
concrete.' An easy way to remove the spacers is 
to fasten a wire to the bottom 1 spacer, pass the 
wire through the holes drilled to one side of the 
center of the other spacers, and pull the spacers 
f (one after another) as the concrete level rises 
in the' form. This method of removing spacers 
is shown in figure 29. a 

3. Oiling Forms. Before pouring coriprete in 
forms, be sure that they have been treated with £ 
suitable form oil that will prevent concrete from, 
sticking to them. Oil used on wood forms should 
be capable of penetrating the wood and preventing 
the wood from absorbing water from the concrete. 
(If wate f r is absorbed from the concrete, its edges 
will dry up ijjnd eventually crack.) Lightweight 
petroleum oil is good for oiling wood forms, but it 
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that will cnt the largest size rods used for rein- 
forcing material. Before placing reinforcing 
material, always check to see that it is free of 
loose scale, rtfst, and* other foreign matter which 
will interfere with the' bond" between the concrete 
and the steel. Placing reinforcing materiaHs only 
part of your overall task *in preparing 'concrete 
structures. Now, let's discuss the other procedures 
you must follow to properly accomplish this task. 

12. Concrete Structures 

r 

J . Portland cement concrete' is the most im- 
portant masonry material used in modern con- 
struction. It is used in all typej of masonry, 
such as foundations, footings, retaining walls, 
etc., As a building material, it has many advan- 




Figute 27. Bar*hendinf> table. 



SPACER FOR ANCHOR BOLT* 



2"X4" TIE 
BRACES 




WIRE 



FOOTING 



I" BOARDS 



" a wall form., 



*may nol be satisfactory for steel forms. Specially 
compounded petroleum oils, sfich as synthetic 
castor oil and some marine engine oils/work better 

,on steel to keep the concrete from sticking. 

4. To get the most out of form oil/ always 
apply it with a brush to Jdcan* surface. Column 
and waif forms should be oiled Sefore erection. 
.All other forms can be oiled whenever convenient* 
but must be oiled before reinforcing steel is placed' 
If form oil is spillcd|on reinforcing material, it 
will reduce the bond between the steel and the con- 
crcte. .^ftef the fdrms arc oiled and the steel is m 
place and secured, you can, prepare to place the 
concrete. There are times when the concrete 
cannot be mixed at the construction site and must 
be transported. 1 * 

5. Handling and Transporting Concrete. After 
concrete leaves the mixer, it must be 'carefully 



handled and transported to prevent the aggregate 
separating from the mortar *or the water fronfthc 
• other ingredients. Improper handling and trans- 
porting fan spoil the most carefully designed and 
properly mixed concrete. Separation or segrega- 
tion occurs because concrete consists of materials 
of different sizesand weights. If you were to place 
a. portion of a cdfEretc mix ft a bucket, the coarse, 
aggregate parades iriuhe mix would tend^to settle 
to the bottom. /nd the Vater would rise to the top. 
This would probably leave voids in the concrete 
.These voids are called Jioncycombuie and. some- 
times, rock, pockets^ 

6. The equipment used in handling and trans- 
porting concrete depends on the size and type of 
job. Jf ready mix concrete is used, the concrete 
should'bc deposited in. the forms straight from the 
truck, if possible. For -the usual small job requiring 
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Figure 29. Removing wood spacers. 



^ no higK li(ts, transporting by wheelbarrow or buggy 
is the most-economical v method. Sometimes chutes 
must Jbe ^employed in conjunction with the wheel- •■ 
barrow and buggy in order to place the concrete - 
properly in the forms. Stiff mixes require chutes 
to be placed on steeper slopes. Specially designed 4 
buckets are used to move concrete above and 
below the level of the mixer. The lifting and lower- 
ing is done with a crane, The equipment used tp 

. transport concrete shotftd be thoroughly cleaned 
af the end of every period of use, : because # it is 

* easier to remove concrete before it has hardened. 
7. Wheelbarrows and buggies* Rubber-tired* 
wheelbarrows and buggies, whicji furnish a smooth 
ride, are preferred to those with steel wheels be- 
cause less segregation of materials used s irt the 
mix^will occur. A rubber-tired buggy is shown in 




* . Figure 30s RubheMired buggy. * 
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^ * tiigure SI. Concrete drop chute. 

a 

v figure 30. Concrete for foundations and foundation 
wall^can be economically 'transported by buggy. 
* '8. If the Concrete is to be deposited" below or 
about ' the samey level as the .mixer, a simple 
arrangement of 2-Snch-thick plank runways placed 
on the ground can be used for the. buggy to^ride on. 
If the difference in leyel is large, then a drop 
chute,- like that shown in figure 31, should be 
used. Concrete can be allowed to drop freely, 
without a-chute. for a maximum of 5 feet when 
being dropped in forms and 3 feet for exposed 
work> + 

When concrete is to-be elevated above the 
mixing level, less than 15 feet aboveground, incline 
runways for transporting the concrete to the re- 
quired elevation can T>e built at low" cost. When 
working under these conditions,, you .should use- 
wheelbarrows or buggies with a capacity of 2 to 
3 cubic feet because the larger ones are too heavy 
to push up the incline. « 

It). $hutes? For short distances, .chutes , can 
be' used for transporting concrete. You should 
never transport concVete for long distances by 
chutes or chute systems. Wjien concrete is, trans- 
ported in this mannec for long&istanses, jl tends 
to dry aut and segregate. ° For the usua^ concrete 
mix, the'slope of the chute should be from 2 to 3^ 
feet horizontal to *1 foot vertical. If you are 
working with a stiff mix, a steeper slope should be 
used. A down pipe should be provided at the end 
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of 4he chute so tfiat the concrete will drop verti- 
cally and not segregate. 

1 1 . 4 Trucks. When concrete is transported 
Jong distances (over X A mile J in a nonagitating 
trudc, severe segregation will occur unless the 
roadway is very smooth. In most cases the- ordi- 
nary flat-bottomed truck with a wide tailgate is not 
suitable for hauling concrete. If it becomes neces- 
sary to use this type of transportation for jobs 
calling for small amounts of concrete, you should 
first deposit the concrete ih a mortar-mixing box. 
Vou should also slightly remix the concrete with 
a mortatihoe before placing it in the forms. When 
large amounts of concrete are hauled, specially 
' built truck bodies that have a rounded and sloping 
front with the rear end sloped to a discharge gate 
should be used. This type truck body is used to 
haul air-entrained concrete over relatively long* 
distances where the conditions are favorable. The 
' distance over which these trucks can haul concrete 
will depend oh the characteristics of the concrete 
and the eeodition of the roadways. /Their use 
should be limited to where uniform batches of 
concrete free from, segregation can be delivered 
to the construction site. * 

1 2. Joints* Concrete expands slightly when the 
temperature rises and contracts when th^tem)pcra- 
ture falls. Concrete shrinks as it dries (concrete 
never completely dries) and expands when it be- 
comes wet. It will never expand .over a greater 
area than whenin its plastic state (freshly poured). 
To allo,w for these changes ^nd to" preserve the 
appearance and thc*strength of -concrete structures, 
joints are used. There are three major types jof 
joints: , contraction, construction, - and expansion- 

13. Contraction joints. Contraction joints {ir&* 
used to control contraction" cracking from tem- 
perature changes and the^ initial sjjxinkage of con- 
crete. A contraction ^oint. sometimes called a 
dummy contraction joint, if snown in figure 32. 
The joint is formed by cutting the slab with a 
concrete saw to a depth of one^-third to one-fourth 
thfc slab thickness. This joint also gives some 
relief from expansion forces fJccauje^the initiak 
shrinkage of the concrete opens the .joint slightly, 
cracking the concrete below the joint and providing 

, room for. expansion. When filling this joint, you, 
sh'ould use a bituminous joint filling material. The 

FILL WITH PLASTIC MATERIAL 

i 





Figure 32. Contracttdn joint. 



Figure SX Keyway joint between a wall and footing, 

- use of material will prevent water from infiltrat- 
ing through the joint to the subgrade. If water_ 
passes through the concrete to the subgrade, it 
will wash away some of the dirt, Leaving a hole 
in the subgrade directly under* the joint. Wbjm 
excessive weight is applied to the surface above the 
hole, the concrete will crack. 

1 4. Construction joints. Construction joints 
(are used to separate areas of concrete placed at 
Jdifferent times. A keyway construction joint is 
'shown in figure 33- between ^wall and a footing. 
If the wall and the footing are placed at the same 
time, a construction joint is not needed. The key- 
.way construction* joint is also 'shown in •figure 34 
in a vertical position. Note the beveled 2"x4" 
used to form the keyway in figure 34. This type 
of joint is generally used with reinforcing steel 
runninfr&om one section to the next. \^>en rein- 
forcirtBjfeel is not used* it' is bett^c to use "a V-' 
joint nice that showirin figure, 35. The V-joint is 
not as likely to break off as the keyway joint 

1.5 > Expansion joints. Expansion joints are 
used to relieve the forces resulting from expansion 
of a concrete structure. An expansion joint for a 
concrete wall is shown in figure 36. A nojjf xtrtid- 
ing type filler material should be used for expan- 
sion joints. This usually consists of a preformed 
bituminous or wood material 3 A inch thick. Make 
sure the expansion joint is designed so it will 
provide , a complete and uniform separation be- 
tween sections of the structure. The drawings "and 
specifications for the job will specify the type, 
size, and spacing of joints. 

16. Placing Concrete. Before placing concrete 
we must be sure that the surface tp receive the 
concrete, the forms, and reinforcing material is 
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Figure 34. Vertical keyway joint. 

properly prepared. It only takes a few minutes 
to give these items one last check. 

17. The subgrade should be moistened (o pre- 
vent tot) rapid extraction of water from the con- 
cise and to aid the^concrete in curing. By slowly 
sprinkling if intermittently with water, you can 
saturate the subgrade without its Becoming muddy. 
Be sure the surface i$|free of sawdust, nails, and 
other debris bfefbre placing concrete. 

18. When placing concrete in high walls, you 
should deposit it in level layers, not more than 
12 incties- deep. Eqph layer shouL be spaded 
just enough to make the concrete settle thoroughly 
and produce a dense mass before the next layer 
is placed. The method of spading and consoli- 
dating a concrete wall is shown in figure 37. When 
you get ready to pour the last layer of concrete, 
at the top of the. wall, overfill the form' 2 to 3 % 
inches and remove the excess concrete after it has 
stiffened slightly. This will /amove the 1 weak 
watery concrete at the top of the form. 
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Figure 36. Top view of expansion joint for wall. 

I"9. If you have to stop placing concrete in the 
wall for a long period, of time; or at the end of 
the days work, you should roughen the top surface 
of the wall just before it hardens. This will pro- 
vide a good bond for the next layer of concrete. 
Before starting to place concrete again, you Should 
clean the roughened surface and apply a thick 
creamy coat of cement-water paste with a brush 
just ahead of the freshly placed concrete. Tkfs will 
give you afgaod^pnd between the different layers 
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ot concrete and also\cnablc the wall to be water- 
tight. I 

20. If concrete k\ to be placed in a slab, it 
should be placed at tfic far end of the slab form., 
working back *to the source of the concrete. This 
method of placing concrete is best because you 
never have to work over the freshly placed mix. 
Be sure that each batch t>T concrete is dumped 
against the previously placed concrete and not 
away from it. % You should never dump concrete 
in piles and work the piles ^ccther because this 
causes severe segregation^ of the concrete materials 

21 Consolidating. All concrete, with the ex- 
ception of that placed under water, should be 
Compacted- and * worked into place by spading, 
puddling, or by mechanical vibrators. Compacting 
devices, such as spades or puddling sticks, long 
enough to reach tha bottom of the form* and thin 
enough to pass Between tfic reinforcing material 
should be used. Consolidation eliminates rock 
pockets and large air bubbles and brings enough 
line material to the surface" to protluce the desired 
tinish In the process of consolidation, you should 
carefully work the concrete around the reinforcing 
VteeHo assure proper embedding of the steel in 
the concrete. When consolidating, try to avout 
.displacing the reinforcing steel because the. strength 
of the concrete structure depends on its proper 
location 

22. Concrete can be' effectively consolidated by 
usifrg mechanical vibrators. With vibration it is 
possible to place mixtures too stiff to be placed 
bv hand. Stiff concrete mixes require less cement. 

!»■ and arc more , economical. There is also less 
danger of segregation in this type of mjXf The 
mix should never be so stiff that an excessive 
amount of labor is required to place it. 

23. The internal vibrator involves insertion. of 
a vibrating element into the concrete*. "The ex-, 
terjial type is applied to Ihc forms. They arc 

- powered by eitctric motor, gasoline engine, or 
compressed air. 

24. The internal vibrator should be inserted 
in the concrete in,a vertical position, at intervals 
of approximately 18 inches to allow some over- 
lap of trie area vibrated at eacb insertion. M should 
also pass through several inches of t(je previous 
layer to insure a good bond between layers. You 
will know that sufficient vibration has taken place 
when a thin line of mortar appears along thc#rm« 
When you arising an internal vibrator* as shown 
in figure 38. be careful not to let it contact the 
forms because the vibrator could damage them. 
■Mixes* that are not too stiff and can 6c consolidated 
by spading or puddling should not be vibrated be- 
cause vibration of this type mix could cajise 
segregation. 

w 25. External vibrators arc rigidly attached to 
<{he forms by means of a clamp or vise. Part of 
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fujj/rc 38. Rigid and fhwiblc hitmlh'd internal vibrators. 
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the cncrg£ of the form vibrator i* absorbed by the 
•forms, because the vibratory aition must be 
transmitted through the forms to the -concrete. 
Form vibrators should not be placpd farther apart 
^thaa.thc radius through which/the vibration is 
visibly effective. You" should raise the vibrators ■ 
as the forms arc filled, but Rccp -them^bclow the 
level of the concrete. The distance onthe form 
below the level of the concrete at which the vibra- 
tor is placed dcpcnds'on the consistency anS thick- 
ness of the concrete. As*with internal vibrators, * 
sufficient vibration has taken place when a thin 
line of mortar^appcars.on the edge of the fonrfe 
' After the concrete has Been properly vibrated? 
you should immediately start the finishing opera- 
tion before the concrete starts to set. 

26. Finishing Concrete. After a floor slab, 
sidcvyalk, etc. /has beert placed/^: top>surfacc is 
rarely at the exact. elevation desired. The process- 
of striking off the -excess concrete, to brinpnhc 
surface to the proper-elcvatio&ls callcd % scrccding. 
In this operation a templet oV a straightedge (a 
2 x 4 or 2.x d board with a""straig]itcdM) is moved 
back and forth across the concrete wfth a sawing- 
motion, as shown in figure 39. ■ Ths templet rides 
on^wood or metal forms that arc used as guides^ 
With each sawing motion^thc templet is moved 
forward a short^distancc. You should always 
keep a 'Small amount of concrete ahead* of the 
templet to fill in low* spots and maintain a level 
surface as the templet is moved forward. If there 
is a tendency for»thc templet to tear the concrete 
surface, the rate of forward movement should be 
reduced, or ty£ bottom edge, of the" templet cov- 
ered with metal. In most cases', just 3lo\wng the 
templet will stop the tearing action. You will 
encounter this tearing problem 'Wf&n ysju use 
air-entrajned concrete ( because ■ oftfts stidcy na- 
ture). After the concrete is struck off, a hami" 
tamper, bettocknown as a jitterbug, can be used 
to further compact the concrete into a dense 
mass. A hand tamper, or jitterbug, is shown in 
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Figure 39. eSireedinp operation. 

figure 40. Now that the concrete is- leveled off 
and tamped, it may be necessary to float, trowel, 
broom, or rub the surface, depending on the finish 
desired. ♦ 

27. If a smoother surface is required than one 
obtained* by screeding, th? surface shouW be 
wprkea sparingly with a wood or metal float 
or a finishing machine. Figures 41, 42. 43, and 
44 illustrate a wood float, a long-handled wood 
float, a steel trowel and edger. and a typical power 
trowel for finishing concrete. The floating process 
should take place shortly after screeding and while 
the concrete is still plastic and workable. You 
should* eliminate high spots;- fill in low spots, and 
at the sameftime. bring Efficient mortar to~the~ 
surfaceao produce the desired finish. Do not over- 
work the^concrete while it is still plastic, because 
Jhis wi|I 'bring an excess ofrwatcr and mortar to 
the surface. A mixture of water and. mortar will 





Jligure 4 IT Wood float. 



forrn a thin, weak layer which will scale or wear 
off under usage, as shown in figure 45. Where a 
coarse finish is desired (as the final finish), you 
should float the surface a second jtimc after it has 
partially hardened. When working on large con- 
crete slabs, use a long-handled wood float, as 
shown in figure 42. ^Before we go any further 
with the finishing ^operation, lets edge and joint 
the concrete before it becomes too stiff. ^fjjl 

28. Where edging is necessary./ it should 1>F 
done immediately after the floating and before the 
concrete has stiffened too much. Edging will jive 
you a rounded edge that will prevent chipping or 
damage to the concrete slab. You should run 
fhc edger back and forth between the concrete 
and the form until a finished edge is produced. 
You should be very careful that all coarse aggregate 
particles arc covered and that the edger does not N 
leave too deep an impression in the surface of the 
slab." Too deep an impression in the top of the 
-slab may be difficult to. remove with the final 
finishing operations. An ed£er was shown in 
figure 43. 

29. Now that we ha$ edged the concrete, the 
next step is to joint (groove) the slab. The cutting 
edge or bit of the jointer tool cuts joints in the 
slab called contraction joints. In sidewalks and 
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/ tf*me 42 m I jnn*- handled wood float. 




Figure 43. Steel trowel and edgtr. 

driveways contraction joints should be spaced 
at intervals equal to the width of the slab, but 
never more than 20-foot intervals. It's a good 
practice to use a straight boarji as a guide when 
you are cutting joints in the concrete. On large 




Figure 44. A typical powegjron ci. 




Figure 45, Scaling due to overfinishing. 

surfaces, joints can be cut with an electric or a 
gasoline-driven power saw. Joints made with a 
power saw should be [cut within 4 to 12 hours 
after the slab has beefi placed and finished. A 
jointer or groover is shown in figure 46.. Now 
that the slab is edged iand jointed, let's continue 
with the different finishes for concrete surfaces. 

30. If a dense, smooth surface is desired, 
floating should be followed by steel troweling. 
Steel troweling operations are shown in figure 47. 
You should perform thte troweling operation after 
.the moisture film or shine disappears from the 




Figure 46. Jointer or groover. 
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trowelin* fpnH ^ j excessive and too-early 

uuwciing tend to produce cra7in« /k,«, i. ■ 7 

concrete. * a 0n thc surfacc of the 
32. Where 



and 

is 



required the fiL ■ StCe '" ,r0We,ed finisn " 
folloS'by second SSt^^ s H d ^ 
has btamSTiS 2? g " af,cr ,hc V ncrc,e 

t^r^^X^L^^oduSTr 
trowel ls passed over the surface Wh„- C 

thoroughly compacted 
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brooming operation immediately after the slab h« 
been floated. For some floors and sid wa lcs where 

an e be S l n H ng V°! deSirab ' e ' the broom d fin sh 
after L P J Cd u W " h 2 hairbrysh ^Paint brush) 

fimsh Whl aCe ^ beCn tr0We,ed » a si 
finish Where rough scoring is required use a 

oarscX m A dC ° f W ' re 0r -me typ % 
coarse fiber. Always broom the- concrete in such 
manner that the direction of the scoring "* at a 
right angle t0 the direction *of traffic 

snr f :,' ^ n °*f r me,hod of Producing a nonskid 
ace is to drag a wcfburlap belt longitudinally 

finkh u P r" sa,uratc d- After the desired 
«l2,r ^^Loper^shou.dJL 

Concrete - One of the most im . 



cunng the concrete. Regardless of thc care taken 
. mixing. P acng. and finishing concrete a pool 
finished product may result without propc curing 
Ti c object »f curing is ,„ prevent ( ,r replenish 

re,, vV n -? SSary m ° is,Urc duri "S theeariv 
daiively r ap,d stages of h>dration." You can 
accomphsh this *y keeping thc exposed surface 
contmuously moist. This can be doff? coZ„! ' 
^y ^vmg or by keeping the surface covered 

P per S ° f bUr ' aP - CUnVaS - « bui,din ' 
paper When building paper is used, the concreu? 

surface ,s moistened before thc paper k JSS 

As soon as the concrete has hardened enS s 0 

h at the surface will no, be marred, you e an rephce 

"• Another method of moist curiae h pond 
ng This ,s done by kccpin^aboat-wS of water 
-TJh concrete ^rfacc.~The" water can be con 
fined by earth dikes around the cdecs of ,fc slab" 

" ItilrV™, bc P rcventcd or the concrete 
will not reach its full potential strcneth. ? 

38 Concrete surfaces can also be cured with 
ZITZ CUri 7 r imp<U,nds ^ootainJn wa 
W n the u • of ,hL ' *-3£* wi,hout Penctratins 
wi cur ^ mDound *- the concrete 

will cure for an indefinite period of time while 
the slab, sidewalk, etc. arc jn use. Wh™ usine 
curing compounds, you should follow the £5* 
ufacturcr's instructions for application P rc ™au 
■ons must be taken when placing, finishing and 

SSnST m exccssivcly hot « c °' d 

wh^n r h C0,d t' eather Cttn «*in* Concrete placed ■ 
when the mr\cniperaturc is less than 50 F k 
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it will be severely damaged. You should never 
place concrete on a frozen subgradc because of 
the danger of settling when the ground thaws. Be- 
fore placing concrete in forms, be sure you remove 
all ice* snow, and frost from the forms and rein- 
forcing material. You can efficiently do this with 
live steam. If protective covering is required, it 
should be installed as completely as possible before 
the concrete is placed. After the concrete is ftfaccd, 
the remainder of the covering should completely 
inclose the freshly placed concrete to minimize heat, 
loss *If warm concrete is to be placed on a cold 
surface of hardened concrete, the hardened con- 
crete must be warmed and its Surface sufficiently 
moistened before the new concrete is deposited. 
The precautions to be taken in cold weather 
depend upon the air temperature. Suitable pre- 
cautions for three different temperature classi- 
fications are as follows 

• 40 to 50' F For air temperatures of 40° 
to 50 F . the temperature of the placed concrete 
should be from 60 to 70 F 'You can produce a 
placed concrete mix of 60' to 70 F. by heating 
the mixing uater and aggregate, if necessary, to a 
temperature between 70* and 80" )r when U is 
placed in the mixer For permanent construction, 
the placed concrete must be cured at a tempera- 
ture of 50 F for 5 da\s or 70 F for 3 days Jf 
high-early-strcngth cement is used, the curing 
period can be reduced to 2 da\s at 70' F or*3 da\s 
at 50 F 

• 12 to 40 F. For air temperatures from 
32 to 40 F . high-early-strcngth cement should 
be used, or 2 pounds of calcium chloride per sack 
of cement should be added to accelerate harden- 
ing Also. >ou ma\ ha\e to heat the Forms to 
remo\e ice. ^now. or frost The concrete tem- 
perature at the time of mixing should be from 70° 
to. SO F You can obtain this temperature by 
heating the water or heating both trie water and 
aggregate In no case should the concrete, mixing 
temperature exceed 80 F higher temperatures 
vwll reduce its strength Remember, the curing 
conditions described in the previous classification 

-must be_prqwded 

• 0 to 32 T For, air temperatures in this 
r.mge. high-carK -strength cement should be used, 
however, if this type of cements not available, 
calcium chloride should be added in^the amount 
of no more t^an 2 pounds per sack of ordinary 
cement. Calcium chloride is an accelerator which 
enables the concrete to .develop strength more 
rapiclly The aggregate and water must be heated 
to pro\ide 70 to SO F, concrete temperature 
at the mixer It is also adwsabie to heat the forms. 
Curing conditions as described in the first classi- 
fication must be prowded After the required 
curing period, the concrete can be allowed to cool 

-trr-the temperature of the atmosphere, regardless 



of how cold it is. You should never attempt to ' 
place concrete in temperatures below 0° F. unless 
the amount of concrete is exceptionally small 
and can be easily protected. 

40. If concrete is frozen before it has taken V 
its initial set, it will not be damaged if thawed 
out rapidly and properly. It will later develop 
almost the same strength and durability as it 
wolijd have if freezing had not occurred. Rapid 
thawing fs done with the use of heated inclosures. 

41 The freezing of concrete before it sets up 
will cause the water to expand and disrupt the 
bond between the cement and aggregate panicles. 
If the freezing occurs after the concrefe has set up 
and after it has been cured as rcqujfed, tffere will 
be no damage. 

42. Heating the mixing wafer is the most practi- 
cal means of warming the concrete. Water is not 
only easy to heat, but each pound of water heated 
to a given temperature has roughly five 'times as 
many heat units stored in it as are stored in a< 
pound of aggregate at the same temperature Water 
is commonly heated in a boiler by live steam or by 
heating coils. -TJie temperature of water should 
never exceed 165*° F. because of the danger of 
causing a quick flash set of the cement. Mix- the 
hot water with the aggregate so the mix tempera- 
ture will be below 80° F. before you put in the 
cement Take care so that th£ hot water does 
not come immediately into contact with the 
cement, 

43. Hot-Weather Concreting, During hot 
weather, precautions should be taken to maintain 
concrete temperature during curing at not more 
than 85 to F. There will be climatic con- 
ditions where this limitation cannot be observed 
Mixing, placinc. and curing concrete at high tem- 
peratures affect it in three different ways; 

( 1 ) The strength of concrete that is mixed and 
cured-a^htgrr-temperatarc is never as great as 
that of concrete mixed and cured at temperatures 
below 70 ft F. 

(2) The cracking tendencies arc increased be- 
cause of the greater range between the high tem- 
perature at the time of hardening and the Iomj 
temperature to which the concrete will later drop. 

( 3 ) Concrete which is mixed, placed, and cured 
at high temperatures has been found to fail sooner, 
as a result of repeated cycles of moisture and tem- 
perature changes above the freezing point, than 
concrete which is mixed, placed, and cured at 
lower temperatures. 

44 You can lower the temperature of a con- 
crete mix by any of several means. These means 
include ( I ) Using cold mixing water (slush ice 
can be used in extreme cases to cool^ffRTwatcr), 
(2) avoiding 'the use of hot cement. (3) pooling 
the coarse aggregate by sprinkling (4) insulating 
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mixer drums by cooling them with sprays or wet 
burlap coverings, *(5) insulating water supply 
lines and tanks, (6) shading materials.and facilities 
not otherwise protected from the heat, and by (7) 
working only at night. 
' 45. Concrete curing is difficult to accomplish 
m hot weather because the water evaporates rap- 
idly However, it is especially important in hot 
weather because of the greater .danger of crazing 
and cracking from rapid loss of moisture. There- 
fore, moist curing, especially ponding, should be 
used. 

46. Cleaning Concrete. Concrete surfaces 
frequently become discolored. If appearance is 
important, the surface should' be cleaned. You 
can clean the surface witrTa cement-sancj mortar 
consisting of 1 part portland cemenpo I V* parts 
fine sand. You should apply the mortar to the 
surface with a brushf after all defects have been 
repaired. If a light-colored surface is desired, white 
Portland cement can be used. Immediately after 
the mortar has been applied, you should scour 
the surface vigorously with a wood or cork float ' 
- After a period of t to 2 hours, remove all excess 
mortar from the slab with a trowel. This will 
allow sufficient time for the mortar to harden 
enough so that the troweLwill not remove it from 
the .small -voids in the slab. After the surface has 
>dned. you should rub it with dry burlap to remove/ 
any loose material. There should be no visible 
film of mortar after the rubbing operation. When 
you are working on large concrete surfaces, com- 
plete one section without stopping before starting 
on the next. • * 

47 Surface stains can be washed with acid if 
the staining is not too severe. You can do this by 
first wetting the surface, and while the surface 
is still damp, scrub it thoroughly with a 10-per- 
ccnt solution of hydrochloric" acid. Ydu should 
then remove the acid from the surface with clean 
water. If acid will m>t remove the stains, they can 
be removed by sandblasting. When you are han- 
dling acid, wear goggles to protect your eyes and 
loose clothing and gloves to protect your skin 

48. Watertight Concrete. If you intend for 
concrete to be watertight, it must be as dense as 
possible and moist-cured for a longer period of ' 
time than would be necessary if watertightness 
were not important. Listed below arc six require-* - 
ments that must be followed if you arc to have 
watertight concrete: w 

(!) Nsrnore than 6 gallon/ofwater shoufd 

be used per sack of cement. 
(2) The concrete must be workable so it will 
not be difficult to place. 
> (3) The aggregate must be sound and have low 
porosity to prevent it from absorbing water. 
(4), The concrete must be properly placed and 
^ thoroughly compacted. 



(5) Th^ concrete must be maintained at a 
temperature of 50° F. and be kep^t moist 
throughout the curing period. 

(6) Reinforcing steel must be used to prevent 
the concrete from cracking. 

49. Waterproofing Compounds. Waterproof- 
ing compounds are divided into two classes. The' 
fiftt includes 'compounds mixed with the-concrete. ' 
They consist of finely ground clay or hydrated 
lime. The second consists of surface washes, which 

« are recommended ov,er the mix compounds^ 

50. Th^rc are a number of surface washes ! 
or coatings that give good results and they are 
♦sold under various trade names. Bituminous coat- 

fc ings, emulsified asphalts, mastic cement plaster, 
metallic powder, and portland cement paint are 
among the suitable waterproofing compounds. A]I 
of these deteriorate with time. You should always 
apply surface washes according to the. manufactur- 
er's specifications. Vthen backfilling against a 
foundation that has been waterproofed, be care- 
ful not to damage the waterproofed coating. * 
5 1 Membrane 'Waterproofing, Membrarie 
waterproofing is^thc most effective method of 
preventing jhe passage of water through concrete. 
, ^hc method normally used on horizontal surfaces 
.consists of first coating the surface that is to be 
waterproofed with hot roofing asphalt. You 
should apply the hot material. with a mop as soon 
/as the concrete surface is dry enough to allow 
the hot asphalt to stick to the surface. One laver 
of jpofing felt is placed on this coating while it * 
is still hot. The layer of roofing-felt is then mopped 
with hot asphalt and a second layer is placed v 
over the first. You can use a push broom to spread " 
the roofing felt. The second layer of felf should 
also .be coated with hot asphalt. Cool tar can 
be substituted for asphalt, On vertical surfaces, 
a/ thick trowel coat of bituminous plastic material 
is applied to the concrete surface and a layer* of 
flexible bituminous-treated burlap is embedded in * 
the trowel coat. 
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MODIFICATIONS 
of this publication has (have) been deleted in , 

J 

adapting this material for inclusion in' the "Trial Implementation of a 

/ 

.yrtlel System to Provide Military Curriculum Materials for Use in Vocational 
and T^hnica! Education." Deleted material involves extensive use of 
military forms, procedures, systems, etc. and ^was not considered appropriate 
for use in vocational and technical education. 



Mortar and Plaster 



SEVERAL centuries "ago man accomplished 
heavy stone construction by using adfre^iye^** 
materials to hold the stones togcthcr^Ancient 
Egyptians laid mud between each £otirsc of sun- 
dried clay brick. At a later date, they burned 
gypsum (hydrous calcium sulphate ) • and mixed" 
the end product with sand and water to, use as 
a mortar in the joints of their stonework. The 
biggest advance in mortar was made in 1824 when 
Joseph Aspdin manufactured arT^^^roved ce- 
ment, produced by heating a mixture of limestone 
and ciay and crushing the mixture to a^ finc^ 
powder. He called this powder portland cement 
because it resembled stone found in various quar- 
ries on the Isle of Portland., England. For this * 
reason. Aspdin is recognized as the father of 
modern portland cement. 

2. As a masonry specialist, you will use this 
modern portland cement or portland masonry 
cement with sand and water to lay masonry units." 
Masonry cement has additives, that make it adhere 
better to masonry units. You will build structures 
with this mortar and various type of masonry units, 
such as brick, block, tile. etc. How well you. learn 
your job depends on you. By properly accomp- 
lishing youf duties as a mason, you will become 



more skilled in your job and this can also mean 
more money for you. ] You probably ask How? 
\Ve!I, the better job you do ftfr your supervisor, 
. the faster you will lie promoted and a promotion 
means a pay raise. The material contained in this 
chapter will help you. accomplish this task. Our 
discussion covers the materials,' methods, and 
procedures for properly preparing mortar. Plaster 
bases, use of plaster, and repair of plastered sur- 
faces are also covered. Before y<Jli learn* tfie pro- 
cedures for laying masonry units,? you mu&t first' 
learn to make mortar. 

13. Mortar 

1. Mortar is defined as "a combination-of ce- 
ment, sand, and water mixed in the correct pro- 
portions, -to a produce a mix of^ workable 
consistency." 

2. Mortar for Masctary 'Units. The mortar 
commonly used for laying^masonry units is made 
with masonry cement. If tr^?cement is not avail- 
able. yoO can use normal portland cement and 
hydrated lime mixed i$v the proper proportions. 
The recommended amount^ > c?f materials pro- 
portioned by volume for mortar mixes is shown 
in figure 48. Mortar made with these mixtures 



Type of Service 
/ 


Cement 


Mortar sand 
in damp, 
loose 
condition 


• 

Hydrated 
lime , 


For ordinary 


1— masonry cement 


Z to 3 




se rvice 


or 






0 


1 •portland cennent 


4 to 6 




Subject to heavy 
loads,, violent 
winds, and se- 
vere frost action 


I— masonry cement 
plus 1— portland 
cement 

or 

1— portland cement 


4 to 6 
2 to 3 


> ^\ to 1-1/4 
0 to 1 /4 • 



Figure 48. Recommended mortar mixes. 



wu. produce a strong bond between masonry 
units Good mortar is necessary for good work- 
manship. Since mortar must bond masonry units 
into a strong; well-knit, watertight wall, it must 
contain a number of desirable properties. Let's 
examine some of them„ 

3. One necessary property is workability. Mor- 
tar is said to be workable when it spreads easily 
and remains firmly in the mortar joints. A work- 
able mortar will always adhere to masonry units. 
There is no need to add, agents (lime. etc.). to 
mortar made with masonry cement, because the 
cement itself produces the desired workability 
The workability also depends partly on good 
mortar sand. Mortar made with masonry cement 
also has good water retention, which prevents 
rapid loss of moisture when used with dry masonry 
units. It will* also remain soft a'nd phstic long 
enough for you to aline and level the masonry 
units. To avoid the rapid loss of water from suc- 
tion, some masonry units must be moistened before 
they are used. 

4. You; should never wet 'the concrete block 
to controljthe loss of moisture because aconcrcte 
block w#f not absorb water.from the mortar like 
other types, of masonry units. Masonry units, 
such as clay brick, tile, etc.. must be wetted before 
they are used. The use of entrained air will add 
to the workability and water retention of the 
mortar. Now let's discuss the other materials you 
wdU use to make a good mortar. 

5. Aggregate. To make a good mortar, you 
must use sand that is free of^in. vegetable matter, 
and salts. You can even produce a better niortar 
if the .Sana" is uniformly graded and proportionally, 
mixed. In a well-balqnced aggregate mixture, a 
certain percentage of the sand must pass through* 
a sieve of a-giyen size. The sjevc numbers and 
the percentages of sand thafrshould pass through 
the sieves arc shown in figure 49. There are 
several ty^cs of mortar sand, each having its own 
charactcVisWcs; so it would be difficult to specify 
the exact Vimount to use in ' preparing niortar 
There shouJd be enough particles of fine sand 
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so that, when coated with cement paste. thc\ fill 
to avoid the major voids between the coarser 
sane; particles/ An excessive number of fine sand 
particles requires more cement paste than a well- 
graded mixture. 

6. Water. The water used for making mortar 
should be as pure as drinking water. It should 
be free frop-cticmicals. such as salts and alkalies. 
Large amounts of these chemicals or organic 
matter will affect hydration «and the quality of 

, mortar. To have the best possible mortar, the 
materials must be properly wetted and thoroughly 
mixed. 

7. Mixing. Machine mixing should always- be 
used except on jobs where the requirement for 
mortar is small. After the proper ingredients have 
been proportioned and placed in the mortar box 
or mixer, the quality of mortar will depend on the 
mixing time. You can improve the quality of 
hand-mixed mortar by mixing it for a long pcriodt 
of time. The same tools. are usccUto-mix mortar 
and concrete. These tools were explained and 
illustrated in Chapter I. . - 

v 8. Mortar that has stiffened on the mortar 
board should be rctcmpcred to regain its work- 

. ability by remixing and adding more water. After 
mixing the mortar, you should use it within 2 K> 
2Vi hours if the temperature is 78 C % F., or higher. 
U the temperature is below "78" F.. the mortar 
should be used within V/i hours. Any mortar 

~you don't use* within the time indicated should be 
disposed of. 

14. Plaster 

1. Plaster is a facing material that is applied 
to walls and ceilings. When plaster is used on the 
exterior of buildings and structures, it is referred 

J to as .stucco. The most commonly used plasters 
arc gypsum. Kecnc's cement, and portlanicement 
They arc usually applied in three coats: scratch, 
brown, and finish. Before we talk about the types, 
uses and proportioning of plasters, let's -discuss 
the different bases used forplastcr. 

2. Plaster Bases. There arc several bases to 
which plaster is applied. Wood, metal, and 
masonry laths are the most commonly used bases. 

3. Wood. Wood laths arc thin strips of wood, 
approximated I Vz jnches in width, with rough 
surfaces. Tncy arc nailed on wooden studs. The 
laths are spaced Vs inch apart at the edges and 
■4, inch apart at the ends. The ends of the lath 
Should be staggered on- the studding to provide a 
stronger base for the plaster. Wood laths must 
be dampened before plaster is applied to prevent 
them from drawing moisture from the plaster. 

, 4. Metal. Plywood sheeting covered with 
building paper and metal lath is used as a plaster 
base, Metal lath provides an excellent key (bond) 
for plaster. It must be calvanizcd^or coated with 
" ] * 
6 . \ 
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Figure SO. Common types of metal lath. 
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rust inhibitive paint. You should never use un- 
coated metal lath because it rusts and corroded 
rapidly in plaster. There are several different 
kinds of metal lath available. Flat expanded dia- 
mond mesh metal lath, expanded stucco mesh lath 
and hexagonal wire mesh lath are the most com-' 
mon. These xhree types are shown in figure 50. 

5. The openings in metal lath should not ex- 
ceed 4 square inches in area. Metaj lath used on 
interior wails and ceilings has smaller mesh open- 
ings than that used on exterior walls. This is be- 
cause of the fine^grade of plaster used to obtain 
a smooth finish on interior work. "Metal lath for 
stucco is attached to exterior surfaces with special ' 
furring nails after the surface is covered with 
waterproof building paper or felt. These nails 
hold the reinforcement steel lath in place and' 
.here- should be a minimum space of '4 j nc h be- 
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, Type* of Furring NaiU 

* Figure 51. Types of furring nails. " 

, tween the supporting structure and reinforcement. 
The different types of furring nails are shown in 
figure 51. 

6. Special metal lath (corner bead), shown in 
figure 52, serves two purposes, in plastering. 
Comer bead laths reinforce external corners and 
also serve as a guide, or gage, for acquiring a uni- 
form thickness. Corner beads are manufactured 
in two all-metil strips: the bullnose bead, which 
has a wide radius bead and issdesigned especially 
for corners receiving hard usagef and the standard 
bead, whicti has a very small radius bead, and is 
designed to provide sharp, clean corners. The 
bead shown in figure 52 is the standard bead. 

7. A corner lath for interior corners is an 
angle-shaped strip of lath, with 2- to 3-inch legs. 
It is used to reinforce interior plastered corners to 
prevent them, from cracking. If preformed strips 
are not available, you can cut them from metal 
lath sheets and form them on the job to fit the 
particular corners in which they are to be installed. 

8. Take care when fastening any type of 
. corner lath. Fasten the corner lath at its edges, 

using staples over wood lath and tie wires over 
metal lath. Be sure the corner lath is not fastened 
by nailing through to the superstructure because 
^stresses in the framing will then be transmitted 
directly into the plasterand cause it to crack. 

9. Masonry. When applying portland cement 
plaster or stucco to any masonfy surface (brick, 
block, concrete, etc.). be sure to obtain a good 
bdnd. A good bond with masonry surfaces ,is 
dependent on two factors; mechanical bond and 
suction. If the surface is coarse enough for the* 
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Figure 52. Corner Jbcad. 
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plaster to cling, it has good mechanical bond 
characteristics. Suction is the amount of moisture 
the masonry will absorb, aiding fresh plastering 
material to .stick to the base. You can check a 
masonry surface for good suction by spraying it 
'with water and observing the reaction of the 
masonry. If some of the water is not drawn in, 
it is ynpossible' to .obtain a good bond. In this 
case you will have to use metal lath to key the 
plaster to the masonry. .Weathered masonry sur- 
faces may have' tCK> much suction. When you 
apply plaster to this* type of surface, the 'plaster 
stiffens quickly and becomes difficult to work. To 
stop this from happening, spray (not soak) the 
masonry with several applications of water. It is 
also important that the suction be controlled uni- 
for mly ove r the entire m^ onrv su^ 
do not wet the surface evenly, some parts of the 
masonry will draw more moisture from the plaster 
than others and the final finish may be spotted. 

10. If a masonry surface is dense and smooth, 
a good bond^cannot be obtained unless the surface 
is roughened. There are several ways you can 
roughen a masonry surface. One way is to chip 
the surface with a brick hammer. If this method 
is used, at least 70 percent of the surface should 
be roughened and the marks or chips should be 
unifprmly spaced over the entire surface. A brick' 
hammer is shown in figure 53. You can also 
roughen the surface with a power-driven roughen^ 
ing machine. This machine is equipped with a 
series otstcfel cutters mounted to provide a flailing 
action which results in a scored pattern. Another 
method of roughening the surface, when worlcfrig 
with portland cement plaster, is *o" apply a dash 
bond coat. A dash bond coat consists of one 
part portland cement and one to two parts sand 
mixed with the correct amount of^watcr to give 
the mix an adhesive consistency., „To apply this, 
mix, you dip a long stiff-fibercd brush in the mix 
and splatter the material on the surface. AHow 




the material to harden to produce a rough surface. 
You should never trowel a dash bond coat. Be 
sure it has set' before you apply the plaster. If 
the dash bond coat fails to give a good mechanical 
bond, you will have to cover the surface with 
building paper and metal reinforcement lath be- 
fore plastering. Regardless of the egforts spent 
preparing a« surface for plaster, it may still crack. 
Although w,e can't prevent plastered surfaces from 
cracking, we can control the cracking by the use 
of control joints. 

1 1 . Ctfntrol Joints. Cracks can develop in 
plaster or stucco surfaces for-various reasons, such 
as building movement, shrinkage stresses, and 
foundation settlement. It is difficult to prevent 
cracking from all possible causes, but it can be 

-£9.Pi r 9Ji5iiy _^iX^j n S ^ r S e areas * nt0 rcctangulsfr 
sections by me^rbT^etiTxbritrol jotntsT" A con- 
trol joint in a concrete wall ready to receive 

, stucco is shown in figure 54.° c ^ 

' 12. Walls and ceilings should be" divided into 
rectangular panels ,with control joints spaced a 
maximum of 20 feet v apart. # The metal used for 
control joints on exterior surfaces should be 




Figure JJ* A brti k hammer. 



Figure 54 Control joint. 
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weatherproof arid corrosion-resistant. When plas- 
tcr or stucco is applied to metal reinforcement 

- or directly to a masonry surface, control joints- 
must be installed directly over all existing, joints 
in the Vail. v 

1 3 -. - T yP«* -Uses* and Proportioning of Plaster. 
There are various types of plaster, and *they are 
similar in composition and method of application. 
Each is designed to fulfill certain basic 
cequirements. * 
- -147 Gypsum plaster. Gypsum plaster is the 
most widely used plaster and is the type mosf 
generally used for interior construction/ It can- 
be readily applied to interior lath, interior masonry- 
surface, and metal lath surfaces ofcr exterior 
masonry. y 

The P^P 0 ™ 0 " 5 for gypsUtrnplaster used 
\x\ the scratch coat consist of one part plaster to 
two parts sand. (When the scratch coat is to be 
. uscd over masonry units, the mix should contain 
one part plaster. to three parts sand). The brown 
coat consists of $ne part plaster to two and one- 
half parts sand, and the finish coat consists of one- 
fourth part plaster, three-fourths part hydratcd 
lime, and three parts sand. 

- 16— Keene's cement plaster. Kccfic^ cement 
plaster produces a very hard, moisture-resistant 
surface suitable feTYooms or surfaces subject to 
hard usage and in areas subject to continued 
moisture conditions, such as bath or shower rooms 
Keene's Cement plaster can only be applied over 
g/psum plaster bases and is generally used as a* 
finish coat. Always apply Keene's cement plaster 
in accordance with the manufacturer's instructions. 

1 7. Portland cement plaster. Portland cement 
plaster may be applied directly to interior and 
exterior masonry surfaces. When used elsewhere 
it shouJd be applied over metal lath. Portland 
cement plaster is not suitable for application over 
gypsum plaster. Each coat of Portland cement 
plaster must be moistened with an even fog 
spray of t water before the next coat is applied. 
This will prevent tffe hardened plaster from draw- 
ing moisture from the freshly placed plaster, caus- 
ing it to eventually crack. $ 
> 18. The proportioning of port^i^d , cement 
plaster consists of one part portlandU^hcnt and 
three to five parts damp, loose aggregate for the 
scratch and brown coats. Hydrated lime may be 
added to the mix as a plasticizer (to make it more 
workable) but the amount used should not exceed 1 
IQ percent by weight or 25 percent by volume of 
the cement used. When available, you should use 
masonry anient because it already contains plasti- 
cizers. By using this cement you can simplify job 
site proportioning and mixing, because only Vand 
and water are added to masonry cement. 

19. When preparing the finish coat of plaster; 
you will get truer colors and better appearances 
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Figure 55. Gradation of aggregate, 

if you use white portland cement and a fine-graded, 
light-colored sand. This mixture consists of one 
part whitV portland cement, not more than one- 
fourth part hydrated lime, and between two and* 
three parts s&nd. Now that we know the amount 
of materials used in a plaster mix, let's dftcuss 
the quality of these materials. 

20. Water. Water used for making plaster 
should be clean, fresh, suitable for domestic 
purposes, and free from minerals and other organic 
substances. 

Aggregate. The aggregate used for making 
plaster can greatly affect the quality of the finished 
product. Aggregate should be well graded, clean, , 
and free from foreign material that prevents the 
cement paste from binding the aggregates particles. 
Sand for plaster should be graded with particles 
ranging from coarse (maximum size, V^-inch) to 
fine- Iri well-graded sand, the smaller particles 
will fill the major voids between the larger particles. 
The amount of sand for a properly graded plaster 
mix that will be retained on each sieve is shown 
in figure 55. 

22. Lightweight aggregates > weigh approxi- 
mately one-tenth as much as dry sand. They are 
'manufactured materials, more expensive than sand 
and should only be used where their cost can be 
justified. Lightweight aggregates are especially 
useful for insulating against sound and heat; therc- 
forc thciffireproofing qualities are important. 

23. Mixing. The materials for all coats of 
plaster must be thoroughly mixed. Always mix 
the dry materials before adding water. A power 
mixer should be used .for uniform mixing and 
blending of materials. A power mixer for plaster 
and stucco is shown in figure 56. You should mix 
the materials for a minimum of 5 minutes after the 
water is added' to the dry materials. It may be 
necessary to use trial mixes to determine a good 
workable mix. You can recognize a good mix 
by its workability and adhesiveness to piaster 
bases. When a colored finish is desired, ft can 
be obtained by adding color pigments to the finish 
coat. Color pigments are added to the cement in 
the plaster mix at a 9:1 ratio: 90 percent cement 
to 10 percent color pigment, 
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Figure 56. Pon cr nu.wr for plaster and stucco. 

24. Now that we have discussed the mixing 
process, the next step is the application ofrplastcr. 
Before we get into the application, let's talk about 
some of the tools you will be using. 

25. Plastering Tooisft i d- Th e ir Uses. The 
tbols used by ths s ma£on when plastering are the 



Figure 57. Plasterer's h$wk. 

plasterer's hawk, a variety of shapes and»sizes 
of trowels and floats,4he scarifier, rods, darbies, 
levels, and screeds (straightedges). Let's discuss 
the plasterer's hawk first. ^ 

26. Hawk. The plasterer's hawk, as shown in 
figure 57, i A s available in sizes from TO to 14 inches 

r square, it is usrd to hold an immediate supply 
of plaster. A trowel is used to push a ready 
supply of plaster on the hawk. 

27. Trowels. A variety of shapes and sizes 
of trowels which you will use for plastering are 
shown in figure 58. Most of them are used for 
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Figure 58. Types vf plastering trowels. 
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Figure 59. Types of floats. 

special work rather than for general plastering 

• is utn? 35 WaJk a " d ^ ^ mid 8« trowel 
is used for covering small areas and hard to get 
at places where the standard trowel would be too 

• The , a "8 le trow eI «s a flat-bottomed, two- 1 
QOMnSdr, USCd fo lf mool hing close, opposing, 
90 inside corners. The inside trowel is used for 
working stngle 90; corners. The margin trowel 

" arr0w P ,aces; ,he g»«ging trowel behind 
pipes, the scraper trowel to knock off high spots- 

- the .pointing-trowel to point up joints; and the 
< covering trowel to coyer asbestos pipe. 

fJl .^w*- Different jypes of floats are used 

■ wor t S rP u KS,er - 50011 are desi g" ed for flat 
work while others are for corners or angle work 

- Smooth-bottomed floats are made of Fiberglas' 
wood, steel and other metals. Floats designed To 
produce textured finishes, such as a sand finish 
have bottoms made of rubber or carpet. The tex- 
ture of spopge rubber used on the floats is classi- ' 
fied as compact, dense, cellular, porous, soft, or 

E 3 21 S,Cel ang i C ' Sp0 "Se. and sand finish 
noats are, shown in figure 59.^ 

„.n«' l™"Z er - Thes ""fierRed to roughen 
.plastered surfaces so that the next coa» of plaster 
will have a rough surface to cling , 0 . The scaler 
is made up of tempered flat steel tines that are 

Sown - 'fi ""in""' 5 ' spaced - A sca rifier is 
shown in figure 60. 

\JSt R uf S - , SeVeral types °"° f rods are used't6 ' 
re LS y r P aStCred SUrfaCCS ' Li ghtwei g lH rods 
are made of aluminum alloy or magnesium alloy 



If aluminum rods are not available, you can use 
a 1- by 4-inch piece of wood as a straightedge. 
Common sizes of rods run from 5 to 8 feet in 
length. The standard type rods, shown in figure 
ol, are the browning, lightweight browning, and 
a combination rod and featheredge. , The browning 
rods are used for leveling large flat areas of plaster 
the combination is used for truing corners and 
^ smoothing the finish coat of plaster. 

31. Darbies. Datjiies are longboats that are 
used to smooth freshly plastered surfaces, elimi- 
naUng togh or low spo.ts left by the rod or straight- 
edge. §ome darbies are flat and flexible, some are 
wedge shaped, and others are channel shaped, 
as shown in figure 62. The darbies with serrated 
edges are used to roughen the leveled undercoats 
of plaster to prepare them for the next coat • . 

32. Screeds and levels. Screeds used for level- 
ing plastered surfaces are the same as those p're- 

.viously discussed for leveling concrete; however 
base screeds (groundsT are used to determine the 
proper thickness of plastered surfaces. Base 
screeds consist of strips of wood placed vertically 
from the top to the bottom of walls to aid you in 
^-obtaining a smooth and uniform thickness of 
plaster You secure the screeds by nailing them to 
the wall studs. After applying the scratch coat be- 
tween two of the wood screeds, the- surface is 
screeded or leveled with a straightedge. After the 
plaster is straightedged. you should place a level on 
the straightedge which is pressed tightly against the 
base screeds to insure that the surface is level, 
plumb, and perfectly vertical or horizontal. Screeds 
. used to obtaiVthe desired thickness of the brown- 
ano finish coat consist of strips of plaster. You 
form these strips by holding a wood screed (of the 
plaster thickness desired) .flat against the scratch 
coat and applying a strip ofplaster 2 inches wide 1 
against one side of the screed. Then you run your 
trowel along the top of the screed and remove any 
overhanging plaster. .-Jfcntfw the wood screed 




Figure 60. Scarifier. 
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Figure 6 1 . Types of rods. 



and allow the plaster strips to set. Now you can 1 
apply the plaster, and straightedge and level the^ 
plastered surface between the screeds as you did 
for the scratch coat. Follow the same procedures 
for applying the finish coat as you did for the 
brown coat. Remember, after each coat of* plaster 
is applied, you must level the surface. Three of 
the levels you will be using are shown in figure 63. 
The sprint Rubbles near the ends of the level give 
the plumb reading, and the sprint bubbles near 
the center give the level reading. 



33. Application* Plaster is usually applied in 
three coats. You apply these three coats in the 
following drder: scratch, brown, and finish. (How- 
ever, if the base to receive the plaster is masonry 
and no reinforcement is used, two coats may be^ 
sufficient.) When applying the scratch coat, push 1 
the plaster through the lath to insure complete 
coverage, as shown in figure 64. The thickness 
of the scratch coat should be between ¥s and % 
inch, but in no case less than V* inch. After apply- 
ing the scratch coat between g^vo of the base 
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Figure 62. Types of darbies. 
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screeds, you should screed, level, and scarify that 
area before applying the 'scratch coat to the next 
area You continue working in this manner until 
the scratch coat is applied to the entire surface. 
The scratch coat must be set hard, but not dry. 
bcfore*you form the- plaster screeds for the brown 
™ a * 0 - T p S ,s usuaII > 4 10 - s hours at a temperature' 

34 As soon as the plaster screeds are able 
to support a straightedge, you can start applying 
the brown coat The brown coat consist* of a 
Ia>er of plaster not less than -VH-inch thick. You 
apply and finish the brown coat in the same 
manner as the scratch coat Like the scratch coat, 
the brown coat must be set* hard, but not dry. 
>ou form the plaster screeds for ihe finish coat. 

35 You can st/rt to appl\ the finish coat as 
so s on as the plaster/screeds will support a straight* 
edge Apply the finish coat not less than '/scinch . 
thick. After applying the finish coat, you should 




screed, level, and float the surface. You should 
v allow the surface to dry for a few minutes and 
trowel, it to >a true finish. The three-coat appli- 
cation of plaster is shown in figure 65. Unlike 
other plastered surfaces, portland- cement plaster 
must (?e moist cured. 

, 36. Quring. Portland cement plaster requires 
moist-curing the same as portland cement con- 
crcte. All three coats- of plaster must be moist 
cured for at leas; 2 days at a temperature above 
50' F. After the scratch or .brown coat is moist 
cured 2 days*, it must be allowed 5 clays to dry 
before the next coat of plaster is applied. At the 
end of each curing period, before the next coat 
of plastcr f is applied, the plastered surface must 
be evenly wetted >to prevent the hardened plaster 
from drawing moisture from the freshly placed 
plaster. Now that^you "understand the procedures 
of plastering, let's talk about the repairs, you will 
be making to plastered surfaces " 

37. Repair oi Plastered Surfaces; There are 
different ,types of cracks "and breaks that appear . 
in plastered surfaces.. They consists gf structural, 
map, and shrinkage cracks, and also sections of 
loose or broken plaster. Cracks and breakslaoL,. 
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caused by a number of things. Some of the;>e 
arc settling of a structure, moisture infiltration 
caused by water leaking through a structure, and 

•excessively moist air inside the structure. Before 
you repair any cracked or broken plastered sur- 
face, make sure the cause of the failure has been 
determined and the necessary repairs made to 
the structure so that the failure will not recur. 

38. Structural cracks. Structural jrracks arc 
easy to identify since they are usually large cracks 
inch or wider) extending either horizontally 
or verticaily entirely through the plaster. The tools 

, Qsed to repair structural cracks consist of a putfy 
knife, a pointing and finishing trowel, a sharp 
chisel; linoleum knife^ a hammer, and a shallow 
mixing pan.^Other tools may be used depending 
on the width and position of the crack. To repair 
a structural crack, you must first remove the loose 
material with a linoleum knife or chisel.* Form 
the cracked surface in a "V" shape so that the 
surface opening is. narrower than the base. A 
crack shaped in this manner will help bond the 
old' and new plaster together. Only widen the 
crack enough so that you can clean the mesh 
openings in the expanded metal or wire mesh 

s lath so that when you force ihe patching plaster 
in the opening a good key is formed. If the lath 
is wood, you must chip out the old keyed plaster 
between the wood lath so that a new key is formed 
when the patching material is forced in place 
Brush all loose material out of the grooved area 
and wet the wood lath and the edges of the grooved 
area to prevent suction of water from the fresh 
plaster. Now you are ready to prepare the plaster 



plastered surface. Map cracks consist of several 
small lined cracks covering an area 6 inches or 
more in width and up to several feet in length 
This type of crack is usually caused by improper 
bonding between the plaster and the lath. Jo 
repair map cracks, use a mixture of gvpsum 
plaster and water, mixed to a creamy convene), 
and apply it to the cracked area with a paint 
brush It may, be necessary to paint the surface 
a second time after the first application has dried 
to completely seawall the craclcs. 

42. Shrinkage cracks. Shrinkage cracks re- 
semble map cracks in appearance but. are ordi- 
narily confined to the finish coat. They do not 
extend entirely through the plastered surface. 
Shrinkage cracks usdally result from careless 
workmanship, too rapid drying on the surface.^ 
insufficient troweling, troweling while the surface 
is too wet. or by n/>t troweling until the surface 
has become too dry. t/se the same materials and 
procedures for repairing shrink age cracks as you 
did with map cracks Where shrinkage cracks 
penetrate through to the lath and will not retain 
a paint mixture, you should cut out the area and 
repair it in the same manner used with structural 
cracks. Also follow the same procedure for re- 
pairing structural cracks when you arc repairing 
holes in plastered surfaces. 

43. Locjse plaster. Loose plaster is indicated 
by bulging 'and cracking of large areas of plaster 
surfaces. To determine the extent of loosened 
plaster tap the- surface lightly with a small ham- 
mer and the resulting sounds will indicate the 
extent of the loose area. Loose-plaster may result 



mix and complete Tlje repair job. 

39. Structural cracks are generally repaired 
with two coats of patching material. The first 
coat consists of one part gypstfrpv plaster and two 
and one-half parts sand by volume. Materials for 
the second coat may be cither gypsum plaster or 
a mix of one part hydrated lime and one-half 
part calcined gypsum. Both the first arid second 
coats are mixed with clean water to a uniform 
.color and workable consistency. The cracked 
area can always.be repaired with the same type 
of material used in the original construction. 

40. You should press the first coat of patching 
plaster firmly into place, filling the groove almost 

* to the surface of the original plaster. Allow the 
plaster to set until it is nearly dry, but not hard* 
then complete the patch by applying the finish 
c*oat. v The last part of the patching operation is 
to strike the plaster-off flush with-the-original- 
surface and trowel it smooth, Ivjfakc sure that*a f 
solid bond exists between the edges of the patch 
and the new plaster. 

41. Map cracks. Map cracks are less notice- 
able than structural cracks*Thcy penetrate through 
the plaster but. do not extend entirely across the 



Tforh excessive moisture Irom leaks in theToof 
seepage through the exterior wall, and plumbing 
^caks in the structure. The excessive moisture 
:auscs the plaster to become soft and destroys 

he bond of the plaster to the base. Remember, 
before you repair any damaged area the source 
of moisture must be located and eliminated. To 
repair this type ^f failure, you must remove all 
the loose plaster around the break until you 
locate solid plaster that is well keyed to the lath. 
Also be sure that the lath is solidly secured to the 
structural frame of/ the building. If the lath is 
defective, remove it and replace with suitable lath. 
After the loose plaster is removed and the lath 
replaced, you can prepare to plaster the area 
Keenc's- cement plaster is, the best plastering 
material to use on the interior of structures sub- 
ject to dampness. When repairing a broken area 

rjth— Keenc's cement plaster, follow — the— same- 



procedures you used for rcpa i ring t areas of gypsum 
plaster. Always prepare Kccne's cement plaster 
according to the manufacturer s instructions. 
• 44. Cleaning Plastered Surfaces; There are 
several types of all-purpose synthetic detergents 
recommended for washing planter surfaces. The 
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other materials you will need to wash plastered 
surfaces consist of two clean sponges to wash and 
rinse the surface, two 14-quart buckets for the 
washing solution and rinse water, a few soft, 
clean cloths for drying the surface, and possibly 
a ladder. To prepare for washing-the wail, you 
should first add a small amount of detergent 
(about l 4 cup) to a bucket 3 i full of warm waiter.. 
Mix the detergent and water thoroughly. Next 
you should fill the other bucket with warm clean 
water. Now you sfoould check the strength of the 
detergent on a small portion of the surface. After 
you adjust the strength of the detergent, if ad- 
justment is necessary, you should completely 
soak your washing sponge in the solution. Squeeze 
out -the sponge until it doesn't drip water and 
start washing the surface. If the surface to be 
washed is a wall, you should start washing at the 
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bottom and wash an area about 4 feet wide half- 
way to the ceiling. (Never start washing at the 
top of the wall, because the solution will cause 
streaking on the lower portion of the wall.) Rinse 
out your washing sponge as often as necessary 
^ until the portion of the wall being washed is 
H clean. Next you should take the sponge from the 
rinse water, squeeze it until it doesn't drip, and 
rinse the area starting from the bottom^ and 
working up the wall. Rinse the surface as many 
times aswaecessary to remove all the detergent. 
You should finish drying the surface with a soft, 
clean cloth. The above operation should be fol- 
lowed until the entire surface is washed. Change 
your washing and rinsing water aB often as nec- 
essary. When cleaning portland cement plaster, 
follow the procedures used for cleaning concrete. 
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MODIFICATIONS 



4& " o f this publica tion has # (have) been deleted in 

adapting this material for inclusion in „ the "Trial Implementation of a • 
Model 'System to Provide, Military Curriculum Materials for Use in Vocational 

and Technical. Education. M Deleted material involves extensive use of 

- ' > U 

mi fit. try forms, procedures, systems, etc. and w3s not considered appropriate 

* t 

r x • 

for use in vocational and technical education. , • * 
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.j^ CHAPTER 4 



Clay Brick Construction 



^\NE OF THE earliest indications of man's 
. V.<ig vcl0 P m ent was brick masonry. Adobe 

Sc Wer ° madc lo "S MoK h '^>"' was written 
t • bun-dried brick estimated to nc 6000 vears old 
\ me been found in escalations at anwcnt'.-Bahv- 
M.n.an cities. About 2500 yearyauo. the men ,'.f 
Babslon.a were molding and mAh}.. hard-burned 
brick 9abylonia was the brickitiakine and brick - 
.tying center of the w*rld: and* it was probablv 
from there that the art ot brick masonry spread 
westward to Rome and eastward to China. 
.. A- Jhe ytm "brick masonrv" identifies eoii- 
t -struction work that uses- small brick blockv made 
% of various clay and shale mixtures The chemical 
and 'physical characteristics of the ingredients 
Wiry considerably. The color and hardness of ,he 
hnck depend on the ingredients, kiln (o\en) ten.- 
peraturc. and baking time. 

. As a masonrs specialist, sou will build 
vinous types of structures. usin» cko brick Brick 
masonry offers you- the p .ssibilits of exhibiting 
><Hir skill and perfection in probablv the mos't 
complicated of the h,aso.m trades Vo„ , vi n K . 
««vk-.rig with valgus colors and textures „| brick* 
m ejection ».th dilfer<cnt>nds and patterns 
Otfr discuss,,,,, will.one^thc chamctenst^ and 
probedur^ or- lav ing bru k I his tt ill include 
bonding brick, s^netl, of brick, and makm- and 
.""KBing ,o,n.s ,n brickwork I et's start our dis- 
u.sMon with the characteristics „f brick 

IS. Characteristics of Briek 

I. There are two standard sizes recommended 
for ordinary brick. Common brick and rough- ' ' 
faced are 2 1/4 by 3 3/4 by 8 Inches, That 
is, a prick this size Is 2 1/4 inches high 
or deep, 3 3/4 inches wide, and 8 Inches 
long. Smooth-faced, brick or pressed brick 
are 2 1/4 by 3 7/8 by 8 Inches. • Brick will 
vary, slightly from these sizes' because of 
shrinkage during the burning process. Aside 
from the two sizes mentioned" above, bricks 
are, also made In other sizes. Firebrick Is 
ordinarily made 2 1/4 by 4 1/2 by 9 Inches ' » 
In size. 

2. A portion of a brick is called a bat or 
brickbat. More specifically, one-half of 
a brick is 



known a* a 4ta -inch bat. A length of brick that 
is shorter than full length, but loncer than a 4'/ 2 - 
inch bat is known as a three-quarter bat. 

3. The weight of a. brick varies accoVline to 
us size, the amount of burning and the tvpc"anc' 
processing of.mater.al used in its manufacture' 
The approximate weight of a common brick is 
j'i pounds. 

4. Good quality brick must be uniform in size 
and shape. Their edges should be straight, square 
and well defined. Also, good bricks* produce a 
metallic ring when-twool them arc struck tocether 
The bonding surfaces are slightly much so that 
a good bond can be obtained. ' Another char- 
acteristic of good quality, brick is that it will not 
absorb mo^c than 10 to 15 percent of its drv vsei-ht 
in moisture when placed in a container of s'^cr 
lor 24 hours. 

0 

5. The standard rectangular-shaped brick-has 
been given different names, depending upofits 
location in the bond and pattern. Notice the 
views of. standard brick (fig. 66) and its 
aames. If it forms the corner, it is a quoin. J 
If it is trimmed for a miter fit at the inside 

. &izzv^ u a *■* «— • 

« l 4 lar8e percenta 8« of the brick produced 
£j ?° try are red c Sk°*> but some 
'fn^T 1 * 1 J ocalltlefl yellow. Differences 
account y " d ^ Process used 
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Figure 66: Various brick shapes and nomenclatures. 
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for the different shades.. The amount, of burning 
also causes slight differences, in color, and bricks 
burned at different times may vary in 'color. When 
. possible, enough brick to complete a job should 
be obtained at one time to get uniform coloring. 

7. Common bricks are made of common typos* 
of clay. They do not have special markings 
scorings, colors, or surface textures. Grades of 
common brick will vary in different localities. In 
some sections, the bricks -are graded and sold 
as front and back bricks. The ftont bricks arc 
those which have been burned to a higher degree 
of hardness. -In nearly all localities, the over- 
burned brick are called clinkers. These bricks arc 
hard and durable. Manufacturers will sometimes 
classify bricks according to their position in the 
kiln. Such terms as arch, clinker, rough-hard. red. 
well-burned, straight-hard, stretcher, soft, and sal- 
mon are applied. -Arch, clinker, "2nd rough-hard 
bricks are hard, durable, and slightly irregular in 
shape. Red, well-burned and straight-hard bricks 
are well-baked but not overturned; and the most 
select of^these bricks in size, hardness, and dur- 
ability are called stretchers. 

8. Among the front brick, those hard enough 
for exterior walls and structures, are those known 
by names such as hard, common building, paving, 
hard building, outside, hard red. straight hard, 
select hard, rough hard, hard washed, kiln run 
hard, and common hard brick. 

9. Soft, or salmon, brick includes brick not 
hard enough for exterior walls of structures. Such 
brick are baked at a' lower oven temperature. 
These bricks arc known by such names as soft, 
salmon, backing-up. pale light. chimncy.miing-in. 
inside wall, and foundry brick. Soft and salmon 
brick, farthest from the fire, arc underbaked ijnd 
aranot as stroi^ anchxiurablc aS the 6fhLTT5ricks. 

10. The compressive and tensile strengths of 
brick vary with the amount of burning (baking) 
and the types of materials used to' manufacture 
them. When brick is classified as vitrified, hard. ' 
medium, or soft, the vitrified brick is considered 
to be the strongest. The strengths of the other 
classes are in the order given. With any given 
brick strength, the strength of a wall constructed 
still depends on the workmanship am! qualitv of 
the mortar joints. The strongest brick ,*an\ make 
a strong wall without the skill of a capable mason 

11. Other names or classifications are Liven 
common bricks, but the most important rhm.; is 
10 know the hardness and durability of the br.ck 
ivforc it is laid. Hard and durable brick should 
be laid in the exterior surface of the wall exposed 
to the elements. ' 

12 — Fa ct: hrick i s- n^ id^i^4^vW-H^a4efittlv^ 
so that- the hardness, si/c. strength, color, texture, 
etc. will be uniform and all bricks will be of a 
high-grade classification, ft has 'surface markings 
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or scorings to give it a pleasing appearance. Face 
brick is generally used for exterior tiers in walls v 
exposed to the weather. It is also used for veneer- 
ing, walks, steps, walls, etc., where beauty is de- 
sired, and expense is no object. 
n 13. Any brick made by the <tsy-press process 
is called pressed brick. The brick may be com- | 
mon. faced, or other kinds, depending upon the ! 
clay, coloring; and burning. Only the better 
grades of common brick are pressed. Pressed 
bricks arc excellent for the exterior tiers of brick 
*n outside walls. Burned pressed bricks are uni- 
form in sra^. adhere rrfbre closely to standards of 
size, and are used in structures built to exact 
dimensions. 

14. Firebrick is made from special clays. Bricks 
made from these materials withstand high tem- 
peratures without cracking, and are used to line 
interiors of furjiaces. fireplaces, and other surfaces 
exposed to extreme heat. 

15. A glazed brick is one that, has had one 
or more surfaces covered with a transparent <glass- 
like (vitreous) coating. Glazed brick are used in 

v cxterior tiers of walls or partitions in bathrooms, 
hospitals, kitchens, and other places where clean- 
liness and ease of cleaning are essential. 

16. Imitation brick is similar in siz^and shape 
to clay brick but is made primarily of portland 
cement and sand. Imitation bricks arc not burned 
ancHi%vc the same qualities as good cement mortar 

16. Fundamentals of Brickwork 

I. Now that, you are familiar with the char- 
acteristics of bric t k. let's take a look at some funda- 
mentals of using brick in construction. Specifi- 
cally, we will discuss brick bonding, wall 

thickness ."col neis and interscTTOrfs^wrrdmvnjTTd 

'door openings, strength of brickwork, brick han- 
dling, and joints in brickwork 

2 Bonding Brick. The purpose of bonding 
brick In masonry work is to make the brickwork 
strong, solid, and durable. To do this, you must 
place the bricks fn such a manner that (hey, arc 
all tied together in a cohesive mass. Mortar 
joints vmII tic all bricks together but if you -fail 
to place the bricks prope/ly so that they will form 
a strong "bond, the structure will not have the 
strength to support heavy loads. Bonding joints 
are made by lapping one brick over two bricks in 
the course just below it. 

3. Since the brick of one course must overlap 
the brick in another course, the natural considera- 
tion is how much they should lap. In bricklaying, 
the practice Is to make a brick lap other bricks 

u t. L { . Vi or -h-o f-itr lengt h A br i ck, shou l d not 

lap. another brick less than W brick length 
Figure 67 illustrates how vertical mortar ioinis 
are broken by lapping brick*. 
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•1/4 LAP 



,r-i/ 4 lap 




3/4 LAP 



1/3 LAP 




F/?///r 67. /.<!/>/>/// ? hru k \. 

V As work progresses', tho lap may be lost 
because of irregularities in . the size of the brick 
and vertical mortar joint thickness unless special 
attention is given to maintaining lap. You should 
keep each vertical joint directly over the vertical 
joint two or more.courses below. The process of 
keeping 0 vertical joints perpendicular is referred 
to as keeping the perpends. a 

5 Lapping places \ertical joints between bricks 
in adjacent courses at relatively different positions. 



This may require that one or more 5rick bats of 
special size be used to make the course end prop- 
erly at the ends or corners, The special brickbats 
act as spacers or fillers to fill in space created by 
lapping the* brick. Brickbats are placed in the 
course, one or more tfficks from the end, rather 
than at the end. This is particularly true when 
you are* using small bats, because they tend to 
weaken the bond at the corner when placed as 
. the last brick in the course. Figure 68 shows 
how quoins, bats, and closers ate used as spacers 
and fillers. 

6. There are several different types of bonds 
used in bricklaying. Of .all the different types, 
common, or American, bond is probably the most 
used. This bond is a combipation of the stretcher 
and header bonds. It combines advantages of both 
bonds and is stronger than either one used alone. 
Usually a header course is laid every sixth course; 
the other courses are stretchers. The header 
course is sometimes laid every fourth, fifth, or 
seventh course according to specifications for the 
job. A correctly bonded common, or American, 
bond wall is shown in figure 69. 

7. The common, or American, bond is used 
extensively in walls, particularly when common 
bricks are being used. The variation in this bond 
straightens the brickwork. This bond is often 
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Figure 69. A correctly bonded bru. k w aft. 

used to back up face # brick , or other masonry ma- 
terials used* in the exterior tiers of walls. * * 

8. Metal tics are used to help bond both solid 
and hollow (cavity) walls. There are a number 
of different metal ties used for bonding bricks or 
wall sections together. « Metal ties used in solid 
and hollow brick walls are shown in figure 70. 
Metal ties are never thicker than the mortar joint 
because this would raise the brick over the ties 
out of line with the rest of the wall. 

9. Head flashings are bent metal strips placed 
over openings in brick walls* as moisture barriers, 
and may extend completely through the wall. Cop- 
per stripping is the best metal for this purpose; 
however, galvanized steel and aluminum strips are 
also used. Note that the inside edges of the head 
flashings in figure 71 are higher on the inside of 
the wall than on the outside. This directs the mois- 
ture downward and outward. Sill flushings are 
metal strips,^milar to head flashings, used at the 
bottoms of openings as a moisture* barrier. 

10. Copings are used to protect the tops of 
walls and other brickwork exposed to the weather 
A concrete coping on top of a brick wall is. shown 
in figure 72. The coping bonds the top eourse 
of bricks and tends to prevent water from seeping 
into the ^mortar joints. Mortar joints saturated 
tfith water will freeze and^may separate the brick 



during freezing weather. The drip, as shown in 
-figure 72, is a groovfe or slot extended all the way 
around the bottom of the coping so that the water, 
passing from the top of the wall will be caught 
by the groove and drip to the ground without 

' coming in contact with the wall. 

11. A soldier course consists of brick which . 
been placed on end with their edges visible. They 
are used on flat arches and laid on steel lintels over 

..wall openings. A soldier course of brick is shown 
in figure 73. 

" t2. A rowlock course of brick consists of 
pricks which have been placed,on edge with theif 
ends visible. They are used directly under window 
openings in brick buildings. A rowlock course is, 
also shown, in figure 73. "Now that we have dis- 
cussed the 'procedures of bonding brick, let's talk 
about the different wall thicknesses constructed 
with standard brick. 

13. Wail Thicknesses. The arrangement of 
standard" size brick may be bonded in any com- 
bination ofTtretcher and "header courses for con- 
structing walls of various thicknesses without cut- 
ting the brick. From the standpoint of variety in 
bonding and patterns, no two successive courses 
need to be the same.^ 

14. By placing standard brick in various posi- 
tions, you can construct walls in anv thickness 
relative to the width and^length of the brick. The 
width and length of standard brick are 4 inches by 
8 inches when laid: therefore, walls may be con- 
structed so that their thicknesses are any multiple 
of the width of the brick. Thus, the thickness of 
walls constructed of standard brick may be 4. 8. 
12. \<6. 20. 24., etc.* inches. 

15. Four-inch wall* are used for non-load- 
bearing walls and partitions. Interior 
partitions should be built up from the 
basement floor level or supported at the" 
first floor level by beam#supported by 
columns, or piers built up from the 
basement to the firs^t £Loor level. In 
other words, never. bilild non-load^-bearing 
partitions other than at ground level 
unless you have been informed that the 
floor is able to support the weight. Non- 
load-bearing, 4-inch, brick-veneer, exterior" 
walls arfe ofean built in conjunction*with 
inner walls of wooden frame construction. 
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Figure 70. Bonding'wlth metal ties, 
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Figure 71. Head flushings. 



\ 6 The wooden frame is covered with a 4-ineh 
racing of brick tied to the frame of the buildinc ' 
*ith metal ties.^ Brick \eneer may be applied to ' 
either new or old buildings. For' new buildings, <a 
the foundation is made wide, enough to accommo- 
date the 4-inch brick .wall. In old buildings, an 
.iJdiuonal 8-inch thickness of new foundation* is 
extended below the ground against the old founda-. 
tion to support the brick fhe surfaces ol fi^me 
buildings are covered with, a good grade of water- 
proof building pajxr. and the face bricl^bonded 
t«» the metal ties about I inch from the frame wail. 

17 The arrangement of face brick in veneer 
walls is the same as in solid masonry excepf that • 
the ends of brick around openings arc cut to fit 
the framework. Lintels over door opening^ must 
be used, the same as they arc used in solid brick- 
work, to support the brick above the openings 
The brick used in 4-inch porch walls and other 
walls xjsible from both sides should be faced on . 
both edges or sides 

18 Eight-inch brick wails arc* used m manv 
structures, and under normal load condition's 

are thick enough to support the load placed on 
them There are several bonds used for 8-inch 
walls \merican. English, and Flcmish^c three 
ol them and these arc shown in figure 74. 



19. Corners and Intersections. A corner is 
formed when the ends of two walls meet, and it is 
here that the bond starts. Corners may be classed 
as being Square, acute, or obtusc; t or they may be 
classed as being outside or inside corners. A 
square corner is a 9(P corner. An acute corner 
is one (hat is less than 90°. and an obtuse -corner 
is over 90' and less than 180° Figure 75 shows 
the various types of corners. 

20. Special arrangements for brick and special 
brick shapes arc required to obtain the *proper 
lap When starting a bond. The arrangement re- 
quired in *a 4-inch wall starting with the stretcher 
bond having one-half lap and three-quarter lap 
are shown in figure 76. The end- brick should 
never be less than a brick width.* ' 

21. When arranging brick in a corner;' yoCT * 
myst take into consideration both walls, "in some 
eases, the end of a wide .u all may meet tffc end 
of a narrower wall^fT) form a corner. Figure 76 1 
shows the arrangements of standard and~ special 
bricks required in an 8-inch and a. 12-inch wall, 
meeting at a corner, to start an American bond 
corner. 

22. Window and Door. Openings, The arcJiL-._ 
tect or slructural engineer works out the type of" 




bond tote used in building a structure when it is 
designed. At that time, the sizes of openings and 
the distances between the openings are calculated 




SOLDIER COURSE ROWLOCK COURSE 

Fttrurv 73 Soldier and row lack* course*. 
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Figure 74. Bondsifor 8-inch walls. 

( 

to avoid any irregularities in lapping^tht brick 
and reduce cutting brick to a, minimum. You 
should make a trial layout course of brick (with- 
out mortar) in the bond specified. When the 
course is laid out, the end brick should have at 
least one-half lap. When there is one-fourth lap, 
a bat must be used as a closer (fig. 76) inside the 
qifoin. In ordinary brickwork, an adjustment can 
be made by slightly stretching or compressing 
several end ,( vertical) mortar joints. 

23. Bricks in sills are usually laid on edge at 
a pitch or incline equal to one-half inch per foot 
of run. The method of starting a window opening 



Figure 75. Types of corners. 



and the position of the bricks placed in the sill 
mortar bed are shown in figure 77. 

24. A steel lintel is used to support the brick* 
work over a window. A soldier course of brick 
is used over the window opening, and figure 78' 
illustrates how the brick is placed on the lintel. 
Figure 78 also points out the window masonry 
nomenclature. 

25. For the construction of door sills, brick 
can be laid fiat as a header course or on edge as 
a rowlock course. Bricks over door openings are 
supported by steel lintels similar to those used 
over window openings. A soldier course may be 
usfd over door openings or the pattern of brick 
used in the wall construction may be continued. 

26. Strength o! Brickwork^ The compressive 
strength of brick is the amount of weight it can 
withstand (firnfly supported below) without 
cracking. The results of compressive strength tests 
on individual clay brick (tes.ted flat)* are shown 
in figure 79. The results of this test indicate the 
importance of specifying the kind of brick to be 
used for various structures. This is especially true 
of brick load-bearing walls which are subject 
to high compressive stresses. 

27. Handling Material. A sample of face brick 
to be used on a construction job should be kept 
from the first load of brick, and all later loads of 
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Figure 76: Corner arrangements for stretcher and American bond. 
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Figure 77 Constructing a buck window silt. 

face brick delivered to the job site inspected and 
compared with the sample as they are being 
unloaded. By doing this you will be sure that the 
bricks are uniform in quality, size, and color. You 
should stack face brick in nsat piles when storing 
them on the job site. Layers of straw should be 
placed between the courses to protect the faces of 
the brick. Face brick carried to the mason 
should be stockpiled face up for his convenience 
.in handling. 

28. Common brick for small jobs are placed 
(not stacked) where they can, be conveniently 
wetted before they are used. When large quanti- 
ties of common brick must be stored for a long 
period of time, the brick should be stacked in 
piles? All clay bricks must be wetted before they 
are laid. The hotter~and drier ihe'WaTRerrifir 
moreAvater the brick will absorb. If they are not 
wetted, they will absorb water; from the mortar 
vefry rapidly, causing premature setting of the 
mortar and a poor bond between ^ the ^briqks. 
Bricks 'must not be so wet that they will slide 
on the mortar bed. 

29. Joints in Brickwork. Bed joints are the 
horizontal mortar 
or. more simply, t 
rest. It rs import; 
made because th 
distribute pressures 
and make* the wall 



rfKof 

is uniTbnr 



between courses of brick 
of mortar on which brick 
bed loints be prqgerly 
d the bricks togetfier. 
"ormlv throughout the wall, 
moisture and air resistant. 
When maktnglSecf joints, spread the mortar (about 
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f'lgurc 78. Soldier course above a wind<Av opening. 

I inch thick) uniformly over the top of the founda- 
tion or lower brick course. After spreading the 
mortar over four or five bricks at one time, make 
several shallow channels (nffles or furrows) down 
the center of the bed. as shown in figure 80. 
During hot weather, mo/tar will not remain plastic 
on the mortar bed for a long period of time; 
therefore, you should only apply mortar to a few 
bricks at one time and then lay the bricks. 
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Clay 
'"Source 


Type 
Brick 


Grade * 
Brick * 



Lbs. per 
Sq. In. 


< Arkansas 
* 


Red . * 


1 

3 


12, 253* 
11,966 
5, 620 


^^^Hlmois^ 


' Shale Buildino 
^Jnderburned 
Common 




10, 690 
3,920' 


Kentucky 


Dark Gray 
Gray 

Dark Green 
Red 




20, 030 r 
16, 793 ' 
7, 243 
5, 290 



Figure 79. Compressive strength of brick. 



30 Head joints are vertical mortar joints that 
bond bricks together at their ends. Head joints 
are made by buttering a thick layer of mortar on 
one end of the brick to be laid. The buttered 
brick is then placed on the mortar bed and is 

JJT Sh J ° Ved un?il the s P ecified Sickness 
Of the bed and head joints is obtained. When 
pressure is applied to the brick, excess" mortar 
will be squeezed out of the head joint and bed 
joint. This excess mortar is cut or struck with 

brick to be laid. A brick -being placed to form 

3 i5" nt ' s .injfigure-&U 

" ^TTThTlast two head joints in a course of 
brick are called closure joints. To make closure 
joints, the clean ends of both brick already laid 
in the course are well buttered with mortar. Both 
ends of the closure brick are also buttered, and 
it is then set in place between the two bricks 

nZfttui V* closure i oint * should be com- 
pletely filled with mortar, and the excejss mortar 
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should be squeezed out from between the bricks 
and, cut off. A closer brick being placed in a 
stretcher course to form closure joints is shown 
in figure 82. "V 

32. Bed and head joints in backing courses 
of brick are just as important as the . bed and 
head joints in face course brick. Although the 
backing courses can not be seen tfter the wall is 
constructed, they help determine the overall 
strength of the wall. A bed and head joint beinc 
tormed in a backing cpurse is shown in fieure 83~ 

33. Although header bricks are laid to form the 
■ horizontal' bed joint, the vertical joints formed 

are oftSn referred to as cross joints instead of 
head joints because the edges of the brick, rather 
than the ends are buttered to form the vertical 
joints. A cross joint being formed in a header 
course is shown in figure 84. 

34. Closure joints in header courses are made 
similar to closure joints in stretcher courses The • 
edges of the two adjacent header »■ ricks, as Tvell 
as the edges of the closer brick, are bJPered with 
mortar. By buttering the two bricks on either 
side of the closure., along with the sides of the 
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Figure 80. Making d bed loint. 




TROWEL 

Figure S I . Form in g a head join t. 
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/ Unrc *: ronnmv a < /, v,,/v fntnt it, </ her 

wUure brick, you can be sure that the joints are 
«" m mortar after the brick is pressed into posi- 
tion 'A closer header brick being placed to form 
a -.insure joint is shown in figure N5 

17. Bricklaying' Procedures 

I Wc are now ready to discuss the procedures 
-e.f m building a structure ("his mcludes |., V in.. 
via nuking joints, finishing joints. Loins: r'ow'~ 
lock and soldier brick, cutting and spl.mne* brick 
hutd.ng an 8-,nch wall, and 'cleanme brick 

: I.a>ing Brick. The quality of the brickwork 
•»u do will depend a lot on the wav vou use vour 
to...s You should grasp the trowd'm the palm 
1 W 1 "- hand so that the tool mav be turned 
ups.de down to throw and spread mortar The' 
proper way to grasp a trowel is shown in tieurc 86 

- ; The first step in br.ckl.'oing ,s clu.sme out 
measuring) the bond This consiM.s of lav.nc out 

,h . .1'", °, r C ° UrSC of hricL *"hout 'mortar, 
the length of the wall to be constructed To ch .se 
-measure) the bond, place the first hr.ck on the 
foundation where the corner will be located Then 
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Figure 84. Fomnnv a cro\< ,omi ma header course. 

place a rule or stick, the desired thickness of the 
vertical mortar joint, against the corner brick and 
place the second brick in position aaainst the 
rule or stick. Follow this process until the first 
course is laid out. The last whole brick in the 
wall should fit within the outer dimension of the ' 
foundation. If the last brick fails to fit by I or 
- inches, you can adjust the thickness of the head 
joints accordingly When the corner brick fails 
!«' lit by 4 inches or more, use a whole brick on 
the corner and cut a brick of the proper si?c to 
use as a closure, two or three brick back from the 
corner. 

■* After laying out the bond, chalkmark the 
position of each head joint on the edge of the 
oundat.on. If the job is not too large? vou can 
lav out the tymd around the complete foundation 
Alter marking all the head joints on the foundation' 
the job i.s ready for mortar Before placine mortar . 
or the hrst bed joint, you should stretch" a chalk' 
line and mark the foundation from one corner to 
.the other to act as a guide in keepine the wall ~ 
straight. The corners or first portions of the wall 
to be bid are called leads, You raise the leads 
•'t the corners of the wall and at intermediate 
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figure #6. prttspmg theirowfl. 

- points ir\ betw&n', when the ^distance between 
corners is^ long. Buifd up the xorner leads six 
or seven courses high before filling in the courses 
of btick between the corner^ lead*. 

5. When laying brick always keep your mortar 
pile rounded and well mi.xgd. You ,can gather 
mortar by scraping a small amtfunt away from 
the main pile and slipping your trowel tinder it 
trying not to disturb its shape. Different methods 
of removing mortar from the mortar pile arc shown 
in figure 87. After taking mortar from the rrtortar 
pile, you throw it on the bricks. 

6. During the throwing stroke. -the mortar 
must flow evenly off your trowel from, start to 
finish of the stroke. To start" the throwing stroke, 
bring the trowel of mortat to the horizontal posi- 
tion, as shown in figure* 88. slightly, ahead of 
where depositing is^ to start. Then, .with a quick 



arm and'wrist movement (toward the body) P turn 
the trowel to a vertical position, depositing the 
mortar on the brick. The thrq^ing stroke from 
start to,, finish is shown in figure 88. 

7. \After depositing the mortar, turn the trowel 
in the upside down position and riffle the mortar 
as shown <in figure 8?. To riffle mortar, run the 
point of the trowel down the center of the mortar 
to spread it. Then run the trowel down each side 
of the center to work "the mortar toward the edges 
of the brick or foundation for the first course? 
Y'ou should spread the mortar just srjort of the 
edges of the brick* and not over the cadges so that 
it overhangs.^ The riffling operation from start 
to finish is shown in figure 89. 4, ' 

8. After 'the riffling operation is completed, 
grasp a brick from' the pile with the -hand not 
used for handh'ng the trowel. The corner brick 
of the first course is the figj| brick y^j lay. Grasp 
ancf place it on the mortaroed slightly away from 
its final resting pjace, as shown .in figure 90. As 
the brick touches the^mortar^bed. press and shove 
it (with a downwaki motion) to as near its final 
resting plate as* possible. 'Then force it down 
with the palm of your hand until mortar is squeezed 
out alf around The edges of the brick, and the bed 
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Figure 88. Throwing mortar. 



joint is f of. the correct thickness. If the brigk is 
vlactl) in ff> final resting place after being pressed 
and showed, no more movement of the brick is nec- 
essary However.' this does not always happen and 
it may be necessary to tap 0 the brick into its final 
posmorjg|rap the brick with. the handle of the 
trowel. -Uphown in figure 9&,. * ' 

9 Wherr mortar oozes out around the cijgcs 
of the bnck!during pressing and shoving, cut it off 
with >our Irowel, as shown in figure 91. This 
wjl make tlje mortalr joint flush with the face of 
the brick. You-.shoufd cut off trie overhanging 
^ mortar in such a way that you do not pull the 
mortar out of the joint. Make sure vour trowel 
is flush with both the brick and the "foundation, 
as shown in figure 91. Use the mortar ydu cut 
from ihe joint to butter the end of the 6 next 
stretcher brick. 

,0 - You shoitJd use a tightly drawn line, 
secured by line holders Cpins, corner blocks, etc..) 
to help ypu r>o obtain a true wall surface. (Comer 
blocks used to secure the line are shown in fig. 92. ) 
Fasten the line so it is approximately ^ inch out- 
bide the top edge of the brick and level with ft. 
Place bricks between corners without touching 
;the is line so that the line .will not be shoved or 
crowded- out of line each time a brick is laid. A 
line stretched between leads is shown in figure,93. 
When the distance is long between corners, use 
anMnterme^diate Jead (twig) held in place by a 
brickbat to help support the line between corners. 



An intermediate lead is shown in figure 94. To 
avoid disturbing the line, grasp the brick as shown 
in figure 95\ The left view shows how the brick 
is grasped when you are standing outside the line 
and laying the brick across the line. The right 
view shows- rjow the brick is grasped when you 
are* standing inside the lipe. After grasping the 
brick, place, press, and shove it into place to 
obtain the correct thickness of head or cross 
joint. Next, you should release it and then press 
down once more to obtain the correct thicknessv 
of. the bed joint The procedure of laying the 
brick to the line is.shown in figure 96. 

11., Making Joints. Common thicknesses of 
mortar joints range from W inch to VS inch. Of 
these, the Va and % inch mortar joints are used 
the most because they are the strongest and the 
most water resistant. Mortar joint thicknesses 
will be specified in ;he building plans and specifi- 
cations for the job. You should lay out the height 
of each .course, /including bed joints) on a strip 
of wood, caJled a gage strip or rod, so that the 
height of each course can, be checked against the' 
rufe as the brickwork progresses. A strip of wood 
can be marked; iike that shown in figure 97, and 
used as a gage strip. Another similar wooden 
strip, referred to as the story pole, is marlced to 
show where head joints or cross joints are located, 
as well as the marked locations and widths of 
openings in the wall. 
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Figure 90. Laying the corner brick. 



* 12. Finishing Jointor^fter laying a few courses 
of brick, you should strike or finish the joints. To 
make flat, or struck* joints use a brick trowel 
(like those shown in fig. 98) holding its face almost 
•p&rallel to the face of the brick pulling the trowel 
along the joint after you cut ofr the overhanging 
monar. A flat of flush mortar joint is shown in 
figure 99. To form an inclined or weathered 
type joint (like that in fig. '99) .turn the 'trowel 
to a slight angle and strike the joint downward 
with the top edge of the blade. To form a raked 
joint, rake out a portion of the mortar in the joint 
with a flat jointer which is similar to those shown 
in* figure 100. You can form a flush concave 
joint (like that in fig. 99) by compressing the 
mortar in the joint with a convex jointnr. 

13. Laying Rowlock and Soldier Brick.* To 
t form rowlock courses, lay brick on their, edge; 
to form soldier courses, lay brick on their end on 
a bed of mortar like that prepared for stretcher 
or header brick. There are additional procedures 
you must follow when buttering these brick: (1) 
apply mortar 4o the entire face of each brick; (2) 
butter all four edges of .one side of the brick to 
form a full, complete cross joint when the brick 




is laid. Buttering of a rowlock of soiidier brick and. 
a completely buttered brick are showfi in figure 
101. Now let's discuss the methods of cutting 
brick. 

14. Cutting and Splitting Brick. Use a brick 
set when cutting brick^ across or at a specified 
angle. To cut o a brick, place the. beveled edge 
of the topi on the portion of the brick Where you 
want the brick to break, as shown in figure 102. 

• It's a good practice to groove the four sides of the 
brick slightly if you wfnt a clean, even break. 
Now place the brick set on the brick and strike 
it with the hammer, as shown in figure 102. You 
can also cut brick "with a tfbwel, particularly when 
you are making square cuts on common brick. 
Hold the trowel and the brick as shown in figure 
102. 

15. Banding an 8-Inch American Bond WalL 

To locate the corners .of a brick wall, drop a 
plumb bob*fipm the lines on the batter boards 
(where tHe^Hnes cross) to establish the comer 
points. Corners being located in this .manner 
are shown in figure 103.* You should first mark 
these points on the foundation with a chisel or 
a chalkmark, and then strike a chalk line from 
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Figure 92. Cornvr blocks. 1 ^ 

corner to corner. A combination self-chalking 
line box and plumb bob is shown in figure 104. 
The chalk line establishes the qutcr edge, of the 
first course of brick, and the length of the course. 
Next, you should lay out the bond on the founda- 
tion along the chalkmark to be sure thai the 
number of brick specified for the/first coWsVin 
;hc front tier will fit between the corner^points. 
Space each brick to allow' for the mortar joint 
tize specified, and mark the edge of foundation 
with a chajlcmark where the joint is located. 
Mark the gage strip to show the heights of courses. 
;ind the story pole to show the locations and widths 
of openings in the wall. Also mark the locations 
of the head joints on the story pole. 

16. The height of thedirst corner lead will 
depend on the number of courses in the wall and 
the bond being used. In this case we arc using 
the American bond to construct a wall. The 
American bond starts wyh a header course aqd Has 
other header courses £ very sixth course thereafter 
Two three-quarter quoins with six headers on each 
side arc used in the first course, as shown in figure 
105. . fr 

1 7 Throw and spread the mortar for the first 
course on the line side (side where the line is* 
installed first) of the corner Then spread the 
mortar close to the chalklinc without covering 
it Lay the first three-quarter quoin directly over 
the otfrner mark and in alinemcnt. with the chalk 
^line The ,three-quprter quoin is brick Nr. \ *m 
the line side in figure 105. Now you should butter 
the headers (Nrs. 2. 3:4. 5. 6 and 7. fig. 105) orj 
the narrow side of the 6rick and lay them. Ypu 
>hould now level the first course lead* on the line 



side, if necessary, by tapping the brick. After 
leveling the brick, straightedge the headers^ to 
insure they are in alinement with the chalk line. 
. on the foundation. ° 

18. , Now you can throw and spread mortar on 
the foundation to lay the seven brick% on the re- 
turn side. This includes the three-quarter quoin 
(Nr. 8, fig. 105). Level, straightedge, and square 
the first course to eliminate inaccuracies 'ftiat may 
develop during laying. Check the height of the 
first course with a gage strip to assure that it is 
the correct height from the foundation. Cut off 
all overhanging mortar and strike the joints as 
required. 

Next, you should spread mortar on the 
return side of tHe first course and lay the four 
stretchers (numbers 15. 16. 17, and 18). Then 
spread mortar on the line side of the course .^nd 
lay the three stretchers (numbers, 19. 20, and 21). 
Lay the stretchers in the third course in a similar 
manner to the way you laid the second . course. 
The stretchers in the third course include Nrs. 2?. 
23. 24. 25. 26, and 27. At this stage of worlc. you 
should make sure the wall is plumb. 

20. If it is necessary to aline a brick by tapping, 
be sure to do this while the mortar is still plastic. 
Otherwise, you will break the bond between the 
brick and the mortar and it will not take hold 
again. You should once again levei. straightedge, 
and square the cornfer. ' Cut off tnc overhanging 
mortar and tool the joints as needed. Now you 
should lay the rcmainine stretcher brick (Nrs. 
28-39) in the corner. After spreading mortar on 
•the sixth course, you should- lay brick Nr. 40. a 
three-quarter quoin.. The three-quarter quoin is 
*thc corner brick of th|,scvcnth course, which is 
composed of headers. v ' Make sure the quoin is 
level, straight and square with both sides of the 
corner. Lay^he three-quarter closer (Nr. 42) 
and tht-UKOj, header brick (Nrs. 41 and 43) to 
form t|g seventh ^course in the cornprjead. Top* 
therewith Course viyth the corner brisk (Nr 4^. 
t fig? 105) fonhe^eighth course. You should strike 
and. tool the mortarjoims as work -proeresseVand 
examine 'and touch up 6 the joints from time to Time 
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Figure 94. Intermediate lead. 

as needed. Now that the corner is completely^ 
raised, you should brush it down to criminate the 
thin fringes of monar around the edges of the 
mortar joints. 

21. Raise the second corner in the same man- 
ner as you raised the first corner and then start 
to fill in the courses of brick between corners. . 
When filing in the first course, throw and spread 
mortar for as mkny bricks as you can lay and 
aline" before the mortar starts to set. Since the 
first course, consists of a row of headers.* you 

♦should butter each brick on the narrow side to 
form cross joints and lay the brick using the 

\ chalk Jine as a. guide. • You should install a line, 
to use as a, guide for the\second course which is 
exposed of stretchers. You should stretch the 
Jine across the corners with the top of the line 
leVel with the top of, the -second course and 
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. * Figure 96. Laying brick to the tine. 

slightly out away from the face of the brick. Use 
corner blocks to raise the line from one course 
to the next. Lay the remaining stretcher courses 
(two. three, four, five, and six) and level and 
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s ^ Figure 97 Cage strip. 

straightedge the wall and strike and tool the joints 
as^the w<rk' progresses. Before the mortar has 
set, touch up.the joints and brush down the wall. 
Lay thc^bricK in the backup course in the same 
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Figure 99. Types of mortar joints 



manner a$ you laid the front course or face brick 
-up through the sixth course. Lay the headers in 
the seventh course in the same manner as the 
headers in the first course. The corner bricks in 
the eighth course will aid in holding the corner 
blocks and line in place when you lay the seventh 



course. After the project is finished, the mortar 
stains must be cleaned off the brick. 

22. Cleaning Brick. After completing any 
brick laying project, regardless of how careful 
you are. there will be mortar stains on the bricks. 
To remove these stains, use a solution of hydro- 
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Figure 70/. Buttering brick. 




Figure W2. Cutting brick. 



SECOND BATTER BOARD 



chloric acid mixed with water. The ratio of the 
mix is 9:1; nine parts water to one part acid. 
Always add the 1 acid to the water; acid reacts 
violently when water is added. Thoroughly wet 
the bricks with water before cleaning them to 
prevent the mortar stains from being drawn into 
the 'pores of the bricks. Be sure to wear protective 
clothing, such as gloves, coveralls, and goggles, 
before applying the acid solution. Apply the acid 
with a long-handled, stiff-fiber brush. Scrub an 
area of 15 to 20 square feet and then immediately 
wash the area with' cleat water to prevent the acid 
from damaging the mortar joints. 
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■ - MODIFICATIONS 

£jj *j^> lt& ~~ k9 of this publication has (have) been deleted in 
adapting this material for inclusion in the "Trial Implementation of a 
Model System to Provide Military Curriculum Materials for Use in Vocational 
arid Technical Education/ 1 Deleted material involves extensive use of 
military forms, procedures, systems, etc. and was not considered appropriate 
for use in vocational and technical education. 
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Concrete Block and Tile and Stone 



THE MANUFACTURE of concrete block and 
tile has produced another of the many uses 
for concrete as a building material The various 
^ sizes of concrete units, the uniformity of size, and 
* the cohsiatency of unit patterns make the units 
easy to use in building construction. * 

2. Stone is also used in building construction. 
It is found in formations in the ground from 
which many varieties of building stones are quar- 
ried. Other stones are found on top of the ground 
and are used for building purposes. Stones have « 
a varying degree ot hardneas^depending mainly 
upon their chemical' composition. Whei* used with* 
a properly prepared mortar, they are laid to form 
Strong and durable structures. 

3. As a masonry specialist, in addition to your 
work with day brick, you will build different 
types of structure* uaing concrete. block and 
stone.. In this chapter we will talk about the char- 
acteristics and procedures fqr laying concrete 
blo<3^: the requirements, ' types, and shapes of 
good huilding stones; bonding and patterns used 
in sWe masonry; and laying and cleaning stones. 
First, we will discuss concrete units. 

1«/ Concrete Block 

. There are four basic units made for com- 
bn concrete construction : hollow concrete block, 
sjlid concrete blpck, concrete building tile, and 
concrete brick. The hollow concrete blocks are 
classified into two types: hollow load-bearing and 
hollow non-load-bearing. These blocks are macUo 
from different materials and come in a variety of 
sizes. 

2. Characteristics of Concrete 'Units. Concrete 
units can be purchased in either heavyweight or ' 
lightweight construction. The heavyweight units 
are usually made from sand, gravel, sltg, and 
crushed", stone. JThe lightweight* units are made * 
from shale, coal cinders, day or slag, and other 
lightweight aggregates. The use of heavyweight 
or Ughtweighjt units is determined, by the unit 

■ available and the requirements of the structure 
under consideration. 

3. Concrete units are made ip various shapes 
and, sizes to fit different needs. Unit sixes are 



« usually determined by their nominal dimensions. 
In other words, a unit toeasdring 7% inches wide, 
7V 8 inches hjgh, and 15% inches long is con- 
sidered an 8" x 8" x 16" inches. When this par- 
ticular unit is placed in a wall (blueprint sped- 
9 fication: %-inch mortar joints), /it will fill a 
space exactly 8" x 8" x 16" inches. (See fig. 106.) 

4. Concrete tile, like concrete block, may be 
of solid or hollow construction. Some of the com- 
mon slxapes and sizes of concrete tile are shown in 
figure 107. y 

5. Laying Corner JLeads. The same general 
rules for la,ying clay brick also apply tp concrete 
block and tile. Corner points, for a concrete 
block wall are located in the same manner as the 

' corner points for a brick wall. After locating the 
corner points, string out the blocks for the first 
course without mortar to check the layout. To 
make sure your layout is accurate, strike a chalk 

. line to.aid you in alining the block." The'number 
of blocks you use in the first course depends on 
the unit si?e, bond, and pattern. 

6. After you determine the number of blocks, 
for the first course, prepare a full mortar bed so 
there, will be plenty of mortar along the bottom 
edges of the face shells. Prepare the mortar bed 
.(fig. 108) just prior to placing the first block. * 

7. Lay the corner block. first and. position it 
carefully. Be sure to lay the corner block and 
all other blocks with the thicker edge' of the face 
sheirup to provide for a larger mortar .bed for 
the next course of block. The arrangement of the 
corner block in k corner lead Is shown in figure 
109* 

8. After laying the corner block, prepare the. 
-mortar bed and butter the ends of the next block 
to be placed^Hold the block over its final posi- 
tion and push it downward into the mortar bed 

and against the previously laid block. If yott prop- 
erly position each block i^the mortar bed against 
the previously laid block, you will have well-filled 
mortar joints. After laykiglhe first three or.four 
blocks, aline them correctly by using your level 
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as « straightedge. Next, make sure they are at 
proper grade and plumb. You can check them 
for proper grade with a level, and make them 
plumb by tapping them with the handle of your 
trowel. When the first course is completed, make 
sure it is properly alined, level, and plumb be- 
fore laying the succeeding courses. Unlike the full 
mortar bed used in the first course, the mortar 
beds for the succeeding courses consist of face- 
shell mortar beds. -To form face-shell mortar beds 
apply the mortar to the horizontal* face shells, as 
snown-in figure 110. For vertical joints, apply the 
mortar to the lips on the vertical end of the block. 




9. Suild concrete. block. corners three to five 
course high before, filling to between the corners. 
To find the top of the unit for each course, use 
a story pole or gage strip. Mark the story pole 
or gage strip to 8-toch increments for finding the 
top of course units or mortar bed joints for 8-toch 
blocks. When building corners, each course is 
stepped 1 back a half block. You can check the 
horizontal spacing of these blocks by placing a 
straightedge diagonally across the corners of the 
blocks, as shown to figure 111. 

10. Laying Blocks Between Comers. To fill ' 
in the wall between the .corners, stretch's line 
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Figure tOi. Full mortar bed. 

from corner to corner (for each course) and lay 
each block with the top outside edge parallel to 
the line, as shown in figure 112. To eliminate 
the probability of the mortar stiffening and losing 
its plastic quality, never spread mortar too far 
ahead of the actual laying of the block. After lay- 
ing each-block, cut off ail mortar extruding 'from 
the joint. In some localities, depending upon 
climatic conditions and other criteria, a full mortar 
o bed may be specified for all concrete block con- 
struction. '.In this case, place mortar on* the cross 
webs of the block as weii as the face shells. * 

11. Closure Block, The closure block is the 
last blpok laid in a course, as shown in figure 112. 
To install the closure block, butter all four vertical 
edges of the block with mortar. Carefully lower 
the block into position making sure all mortar re- 
mains in position. If any of the mortar should 
fall, it wouid cause an opening in the joint If 
this should occur, remove the closure block, put 
on fresh mortar, and reinstall it into position. 

12. Tooling. AH mortar is tooled after the 
wall section is filled in or when the mortar has 
become "thumbprint" hard. Tooling compacts 
the mortar and forces it tightly against the units 
on each side of the joint. Tooling also.produces 
joints of uniform appearance. In most cases, 
block tooling is done with a concave or V-shaped 
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Figure 109. Arrangement of corner blocks in a 
corner lead. 
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Figure 1 10. Spreading mortar for the second corner 
unit. 



jointer. After the joints have been properly 
tooled, remove all jnortar burs from the face of 
the wall by brushing with a soft fiber brush. If 
the mortar burs have hardened, use a wire brush 
to remove 'burs. 

13. Anchor Bolts and Control Joints. After 
the concrete block structure walls are completed, 
some provisions must be made to anchor the top 
of the building. The top is attached to or anchored 
by wooden plates fastened to the concrete block 

•wall with anchor bolts. Anchor Bbits come in 
various sizes. However, the size recommended is 
l /2 inch in diameter and 18 inches long. The 
anchor bolts are usually placed in cores of the 
top two courses of block. After the anchor bolts 
.are placed, fill the cores with concrete or mortar. 
To retain the concrete or mortar in the cores, 
place a piece of metal lath in the second horizon- 
tal mortar joint (under the first two blocks in the 
second course from the top) and under the^cores 
* to be filled. The threaded end of the bolt must 
extend above the top of the block far enough to 
pass through the hole in the plate and receive a 
nut. 

14. Control joints are used" to control cracking 
in masonry walls. Control joints are continuous 
vertical' joints built into walls at points where 
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Figure til. Checking horizontal spacing. 

D3 




figure us. Laying block to the line., 

these stresses might concentrate. To form a con- 
tinjpus vertical joint, full, and half-length blocks 
are used. Control joints can also be formed with 
special control joint blocks. These blocks have 
tongue-and-groove-shaped ends and are available 
in full- and half-length units. When half-length' 
units are- not available, special carbide saw blades 
are used for cutting the block. The_bla<j 
inserted in portable power saws. When "cutting 
i blocks with power saws, wear goggles to protect 
your eyes. When,control joints are exposed to the 
weather, seal them with an approved calking com- 
pound. When using calking compound, apply it 
wuh a calking gun having a tip slightly narrower 
than the joint, following the recommendations of 
the compound manufacturer. The compound is 
applied bymserting the tip of the gun in the joint, 
pulling the trigger, and moving it up and down 
along the joint until the joint is filled. Calking 
compound can also be applied with a putty knife, 
although better results are obtained with a gun 
Sometimes oakum is used for sealing control 
joints. Oakum consists of strands of rope (l6ose 
fiber) pressed firmly in the joint and is normally 
sealed with tar applied to the joint with a mitty 
knife. • • * 3 




Figure 113 Hetal tie but 



15. Intersecting Bearing and Vonbearing 
Walls. When load-bearing and noS-load-bearinf 
walk, meet or intersect, they should be' tied to- 
gether with metal tie bars. An intersecting wail 
being tied together is shown in figure 113. If the 
walls meet at corners, they must be tied together 
with a masonry bond 

16 Lintels and Sills. To support concrete 
block over openings, steel lintel angles are used 
in some of the modern concrete block structures 
precast concrete lintels are used over openings' 
To uniformly distribute the lintel load, a m 
mortar bed should be spread over the lintel Sills 
are usually constructed of precast concrete and 
installed after tlw walls have been built For 
proper protection against moisture, joints at the 
end of sills should be filjed with mortar or calked 
with compound. 

19. Stan* '" 

1. Building stone which supports heavy loads 
must be strong, The weight a stone wall can sup- 
port depends on the strength of the stone. 

2. Requirements of Good Building Stone. The 
durability of stone depgnds greatly upon its physi- 
cal structure and chemical composition. Durability 
of stone varies greatly according to the atmos- 
pheric conditions to which it is subjected A 
building stone that is durable under certain at- 
mospheric conditions may not be durable under 
different Weather conditions. 

3. .Good appearance is a requirement of build- 
ing stone, because stone is historically renresenta- 
tive of beauty in building constructionvStone that 
contains too much iron should be avoided be- 
cause oxidation of the iron by atmospheric con- 
ditions may cause the building to be marred by 
rust stains. Another requirement of building 
ajane is low cost. The lowest priced stone which 
wiU meet building requirements should be used. 

, 4. .Types of Building Stone. ^Limestones are 
composed chiefly of carbonate of «me or varying 
proportions of carbonate of lime and carbonate of 
magnesia. The stones may be close-grained, 
medium-p-ained, or coarse-grained. The coarse- 
ness of grain depends upon whether clay, sand 
or shale is included in the formation. Generally 
speaking, the stones are deteriorated by the action 
of fire and abundant amounts of acids in the air. 

5. Sandstones are composed of grains of sand 
cemented together by silica, alumina, carbonate 
of lime, or an oxide of iron. The stones may be 
of varied colors of cream, blue, pink. red. gray 
and brown. The best sandstones are those which 
are close-grained and which contain silica or 
glassljke cementing material. Sandstones con- 
taining lime are susceptible to acids in the air and 
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to fire. Those containing an oxide of iron may 
stain. i 

6. Granites are composed chiefly of quartz, 
feldspar, and mica. Those containing a greater 
proportion of quartz are the strongest and most 
durable of building stone. For these reasons, 
granite stone is used for foundations, bases, fac- 
ings, columns, pavings, and other like structures. 

7. Slates, are composed chiefly of clay and sand 
which have been combined into a close-grained 
stone by earthly actions of pressure, heat, and 
water. It is in laminated form and can be split 
into sheets and cut to size for roof facings, black- 
boards, and other forms of building stone. 

8. Building Stone Shape and Finish. Building 
stones may be left rough, they may be roughly 
squared and dressed before they are used, or they 
may be accurately cut and highly dressed. Before 
building stone is laid, it is sometimes necessary to 
face (chip) it with a facing or napping hammer 
so it will be uniform. Rough stones are used 
extensively for constructing walls of small build- 
ings and fences. In many localities, stones are 
picked upon* the ground and used for constructing 
buildings and other structures. These rough field 
stones produce the simple bon4 and pattern of 
rustic stone construction* * 

9. Bonding and Patterns. The bonding and 
patterns in stone construction are selected for 
beauty and for the more practical* purpose of get- 
ting the strpngest -wall with the available stone. 
Vertical joints in a stone course should be stag- 
gered with the vertical joints in the courses above 
and below it. The lap of vertical joiiSsishould be 

^at least 4 inches. The thickness of a rubble wall 
should equal at least one-half its height. The 
largest stones should be used in the lowest coutse. 
Stratified or laminated stonesVshould be laid with 
the layers positioned flat or horizontally. There 
are several patterns in which stone can be laid. 
Some of these are uncoursed rubble, coursed 




Figure ttk. Uncounted rubble. 




figure us. Coursed rubble. 



rubble, random rubble, and many others. The 
uncoursed and coursed rubble patterns are shown 
in figures 114 and 115. 

10. Laying Stone. Lime mortar is normally 
used for stonework above ground levfel, because 
it does not stain the stone. However, it is not as 
strong as mortar made of ordinary cement Mor- 
tar made with ordinary cement forms a strong 
bond, but it stains the stones. For this reason, 
ordinary cement is used only for footings and 
foundations of stone below the ground level. 
Non-staining white portland cement has the same 
qualities as ordinary cement and is normally used 
where stains must be prevented. 

11. hi the wall being constructed must be ex- 
actly/plumb and erected to a line, corner posts 
of wood should be erected to serve the purpose 
of corner leads to hold the line in place. Because 
of the different shapes of stone, some parts of the 
stone will be farther 'away from the line than other 
parts. Each stone must be laid on its broadest 
face. If appearance is to be considered, the larger 
stones should be placed in the lower courses. 
A crowbar is used to position large stones after 
they are laid, and a carborundum stone (rub 
brick) is used to smooth rough edges of the stone. 
The size of the stones should gradually dimmish 

f toward the top of the wall. Porous stones should 
be moistened before being placed in the mortar 
bed to prevent the stone from absorbing water 
from the mortar. 

12. The thickness of bed joints will depend 
upon the stone used. When making bed joints, 
spread enough mortar on the stone below the one 

» being placed to fill the space between the two 
stones completely. 

13. Head joints in stone walls are made after 
three or four stones have been laid. You make 
these joints byslushingmortar (with your trowel) 
in the small spaces- between the stoneV Fill the 



larger spaces between the stones with smallfrock 
(gravel) and mortar. Be sure to form tfce ihead 
joints before the mortar in the bed joint has set. 

\4. Bond stone (headers) should occtir at 
least once in each -6 to 10 square feet of Wall. 
Foundations must have a header in each 5 square 
feet These stones pass all the way through the 
wall or at least two-thirds JjJrough the wall tkick- 
ness. Each head joint should be offset from 
adjacent head joirfts above and below as nuch 
as possible. Properly spaced head joints are 
shown in figures 114 and 115, 

15. Cleaning Stone. Small cement stain) on 
new stonework are sometimes left to bleach under 
the actions of the elements. However, mortar and 
films of soot and dirt may be washed off the sur- 
face of the new stonework v&th soap putty. The 
putty is made by boiling strong laundry soap 
flakes in water until the mixture is of a thick 



consistency. Three tablespoonfula of household 
ammonia per gallon of water are mixed in after 
the liquid soap has cooled. Enough White sand is 
then worked into the mixture to make it putty- 
like. # . 

16. Stains, of various types may be removed 
from stonework with a 10-percenTmuriatic acid* 
water solution. A 5*percent phosphoric acid- 
water solution or a 5-percent sulfuric acid-water 
solution should be used with the stone or the 
mortar is white. By the use of this solution, the 
slightly yellow discoloration which may result 
from the use of muriatic acid on these materials 
is avoided. All stone surfaces treated with acid 
solutions must be thoroughly washed with clean 
water to neutralize the acid and stop further 
. chemical action. Protective clothing such as gog- . 
gles, rubber gloves, an apron, and boots should / 
be worn when cleaning with chemicals. / 
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CHAPTER 6 



Ceramic and Quarry Tile 



FROM ANCIENT times man has used thin 
baked clay shapes (tile), to cover other struc- 
tures. Specimens of tile made irr6000 B.C. exist * 
in museums of the world! Originally the word 
"tile," as related to building construction, referred 
to the baked clay tiles used to cover floors, roofs, 
walls, and other structures. 

2. Today there are several types of building 
material referred to as tile that are used to cover 
various parts of structures. * Ifc most cases, tile 
made from "products other tharrclay are desig- 
nated by placing the type of material before the 
word "tile.'* Some of these are aluminum, plastic, 
asphalt? and acoustic. # ^ 

3. As a masbriry specialist, you will be working 
with ceramic and quarry (clay) tiles. Any tile 
made of clay and baked in kilns is^ called ceramic 
tile (this includes quarry, tile). In this chapter 
we will discuss the manufacture of tile, common 
tile shapes, classification of tile, uses of tile, and* 
tile trim* The procedures for preparing'wall and 
floor surfaces ,to be tiled, setting ^wall and floor 
tile, cutting tile, and care|of tools and Equipment/ 
.will also be discussed. 

20. Manufacture, Description, and Uses 

1. Before you can set tile, you need to know 
something about it "so you can make sure that the 
jjest and rnost economical tile for the job is 
selected. To help you understand the- character- 
istics of tile, we discuss its manufacture, size, 
'classification, andLuse. , 

•2. Manufacture of Hie. Over the yekrs, there 
have been many changes made in the manufactur- 
ing process of ceramic tile. It has changed* from 
a crude manual process to a completely automatic 9 
process. Tjwo general processes are , now used to 
manufacture tile: the dust pressed process and 
*the plastic process. The dust pressed process is 
jused to make ceramic wall and flaoY tile. Ceramic 
floor tile have the same color throughout the tile, 
instead of only a surface glaze like' wall tile. 

3. In the dust pressed process, the* dry ingre- 
dients are mixed with water and thjen finely ground. * 
The mix is then passed through a filter press to 



remove most of the wafer. The clay mixture is 
then fed »to the mechanical tile press line, where 
it is distributed over steel dies. The press descends 
on trie clay material and a moving blade pushes the 
newly formed tile onto a conveyor, where it is 
inspected. - 

4. Inspection passed, an automatic brush 
cleans the tile before it enters a metal inclosure 
•where glazing material is applied to the top surface 
with .automatic spray" guns. The type of chemicals 
used in the glaze determines the color of the 
finished tile. The glaze on the tile dries quickly 
and the tiles are 4 unloaded from the conveyor belt 
into setters, "which are ceramic racks used to 
support the tife in the kiln. The setters are then 
placed on Jciln. cars tft&t carry the tile through 
the fi^ng kiln. 4 The kiln tunnels are a couple of 
hundred feet in length and it takes the tile approx- 
imately. 24 hours^to pass . through the tunnel. The 

f 'temperature in the center of the tunnel is about 
2",000° Fahrenheit, and the tile reaches this 'fem- 
peraitUre gradually as it approaches the center 
and theh gradually cools as it reaches the end of 
.the tunnelr The uniformity of the tile is due to 
the exact control of the kiln temperature. * After 
the tile leaves the tunnel.- it ^inspected for size, 
warpage, and variation in the shade" of. color. 
The product is now ftady for shipment. 

5. Kloor tile ^oes not receive a glaze.* Because 
^of thtrertiall size of ceramic mosaic floor tile and 

for case of installation, they are mounted in various 
patterns. The tiles are assembled and glued to 
a piece of* kraft paper so that the individual tiles 
are; held in position during installation. 

6. Nonslip tile is. made by adding a small' 
percentage of aluminum oxide powder, of a pre- 

, determined grain size, to the tile mix just before 
the pressing operation. 

7. t Quatry tiles are- floor tiles that are larger 
in -size tharn ceramic floor tiles and are macfe by a 
simple^ opcess. ' They do not require the pre- 

, cision expected of. regular wall and floor tile, or 
the uniformity of clay in the mixture. Quarry tile 
have a dense body. They 5re unclazed 1 and are. 
made in colors of orange, red. and brown The 
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^ figure J 16. Basic 



in 8 whi?h U ^J f k made by the P lastic P r <*«s 
t! "3ft 1 ° lay m ' Xture f con «ainfng about 25 

« uT T) j ? extruded and $ »'« 

are cujt6 .length by means of a wire. TjfcA they 

v P St5esrs UfaCtUnng ti,e ' ' 0t ' S ^ 1,16 
9- Common -Tile Sizes. Tile can -be obtained 

116,. is the basis for the standard sizis of tile. 
T' ,e . sha Pf s a "^sizes have been developed by 
dividing the square into diagonal halves, quarters 
and smaller squares, Other divisions of the square 
into ob tongs, hexagons, octagons, and other geo- 
metrical shapes hav & - brought about the develop-' 
ment of sail otter tile forms. , ' 

Vcl°' P M » l 5 cation « f J"«- Jhe, ceramic tile in- 
nSTJ? ad ° P J ed a ^"incation for ceramic" 
■ X f e i°^ the P ercent *Se of water the tile 
w.l absorb. On this basis there are four classes 
or tile: > 

(1 ) Nonvitreous - A tile .that will absorb more 
• ^ Ktnt of its wei 8 ht moisture. 

(2) Semivitrequs - A tile that will absorb more 
than 3 percent, but less than 7: percent, of its 
weight in moisture. 

3 lHJj^ '> A $? M w i"'absorb'less than 
3 percent of its weight in moisture. 

absnritiTr 1 ' 0 " 5 " A tile wi " resist 'he * 
absorption of moisture. 

The semivitreous and nonvitreous tiles must be 
soaked in water before they are laid to prevent 
them from absorbing water from the mortar. 

"* 4 **** 
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11. Uses of Tile. Ceramic tiles are used to 
cover various floor and wall surfaces.^ You 
sTSnn ?' n t^ usi "g i glazed tile in the con! 
struction of a^atio, anymore than you would use 
quarry tile to- cover a bathroom wall So let's 
discuss the various ceramic tiles and where thev 
are used. v ' 

12. Glazed interior rile. This is the type of 
tile you will be working with rhc.most. It is a 
ponvitreous tile, having either a buff or white body, 
and is coated, with a number of various color 
glazes. It is used mostly for covering bathroom, 
shower room, and' kitchen walls. ,It comes in 
squares, oblongs, hexagons, and octacons The 
most popular size is the 4>A"x4>A» square tiles. 
It comes in thicknesses of K and %.inch. Some" 
of fte glazed wall tile sizes arc shown in figure 

• 13. Ceramic mosaic tile. This type of tile is 
a -vitreous nonglazed tile and is available in red 
brown blue black, and gray through the body 

1™ 15 USCd most, y *° r b «hroom and 

shower room floors. Mosaic tile comes in squares • 
oblongs hexagons, and other shapes. The small 
pieces of mosaic tiles (W x 

to the jobinsh eets of various sizes. The thickness " 
l ,n ^ 15 A WCh ' A P iece ° f kraft paper ■ 
fiTre n 8 Ce T C , m ° Sai ? fl °° r ti,C is < how " 1 
oltZ '"V s a,Ways laid with the kraft 

£~rf ? ■ & Up \ Ceram ' C mosaic t«e with a . 
. glazed fimshXabo available for walls 

K\l\Jt Ze *-T ri ° r " le - This is w eatherproof 
ule and I ,s- sinylarto glazed interior .tile. The- 
main difference is that this tile has a semivitreous 
or vnreous body which enables i, to withS 
severe freezing. It is used for covering frorS of 
?n U ' ? ngS ' JT mmifl S pools ' etc.. It' is available ' 

tile a e nd^nh IZC i and i hapCS aS = ,aZed inte ™ 
tiles and can be obtained in a variety of colors 

iJ J A Qmrr l 'I''- This is an u "S' az ed tile, hav- 
ing a dense body, available in colors of orange 
«d, and brown. Quarry tile is impervious. These 

a£r VCry durab,e and recant to freezing 
abrasion, and moisture. They are used to cove 



80 



Figure 117. Sizes of glazed »■„// /,/>,. 
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Figure US. Ceramic mosaic tiU. 



floors in pub^ic^uildings and for such'Yesidehtial 
purposes as entranceways, Ratios, etc.* They are 
normally^ made .in 6"x6" squares and 6"x9!' 
Qblongs ancteangr from* V& to I inch in thickness. 
The smooth face arid the grooved back of arquarry^ 
tiJe is shown in figure 119. The tiles* are laid 



with the smooth surface facing up. 

16. Hie trim. For'tfie tile setter; the word 
"triqi" refers t9 various kinds of tile moldipgs 
used to 'give la finished appearance to floors, waifs, 
and other, types of work. These pieces of tile have 
rounded corners, and serve as starting and stopping 
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Figure 120. Tile trim shapes. '• 

places for dJeVeork. The most commonly used 
. types are the cap, bullnose quarter rounds, base - 
and angles of various shapes and sizes for making 
turns. Some tile trim shapes are' shown in figure 

17. Tile trim may be of the same color as 
he main body of wall or floor tile, or it may be 
used for contrasts. - • ' 

21.. Wall filing - • 

"teAI«'?2S B # are T- 6 ®'*" m «hod S .and ma- 
"i"J5 r W^ng the base.materialuo hold 
he t.Ie to : thc wall: the plaster method, which-' 
is similar to plastering aTValljjuid the dry wall 
method, which consists of applying a small amount 
of adhesive to the back of each tile. Some people 

ml^J? ? e "- d 7 Walj ™ ,fiod 35 the buttering 
■ method. Lets first discuss the plaster method. 

r 1. Plaster Method. Preparing a wall- surface 
to receive tile is almost the same as preparing i, 
to be plastered.. All' walls to be tiled (except 
masonry and plaster walls that have good suction 
™1? 8°? d wnditjon) must be cbvered-with 
metal lath backed with waterproof building paper' 
Before applying the lath, make sure you remove the 
baseboard (molding at the bottom of the wall) 
and any other objects that will interfere with the 
placement of the lath. Like in plastering, spec" ■ 
furring nails are used to hold the' lath in place. 
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After the metal lath is properly secur ed, you can 
start to mix the mortar. 

n Jn There ,f re * ree coats of mortar used in pre- 
paring a wall surface to be tiled /a Scratch coat, 
float coat^ and a neat coat. The. scratch coa 
consists of 1 part portland cement to 3 parts sand 
with the addition* 10-percent hydratcd Km £ 
•vo ume of the cement used. The float coat con- 

' k™ ° J f!? P0rtland cement - 1 P art hydrated 
.hme, and 3 W parts sand. The neat coat insists 
of a mixture of portland cement and water mixed 
. to a consistency of putty: » m 

the 4 ; c ^ r Pr t 0perly , mixing tbV material * for- 
the scratch coat, apply the mortarno the lath or 

clean concrete or pjastered wall according to the 
thickness indicated on the drawings but in no case, 
less than Va inch thick. While the mortar is still 
plastic score or scratch the surface feith a scar- 
ifier Keep the scratch coat moist until it is damp 
set before applying the float coat. 

5. After properly fixing the float coat, use\ 
die mortar to fasten the base screeds (strips of 

agains, the scratch coat. To do this, apply a 
strip of mortar about \A inch thick to the wall 
and p«j the base screed firmly against the mortar. 

oface S -fL? mP °. ranly h °' d the base screed '"•> 
Place. Then apply mortar to an area (against the 

sides" of the base screed) 3 inches on Lh \ de 

of the base screed to be .sure it will stay in place 

Now tap , the base screed into the morta" with the 

handle of your trowel until there is % inch between 

LikeTnl ' f C ° f tl tV CKed > 3nd the scratc " "at 
Like in plastering, the screeds will act as a guide 
to he,p y o U obtainla straight wall with ajmSrm 
th.ck.ness during thLcreeding off processf Appty 
he float coat between the base screeds an'd screed 
the surface off until i, is level and plumb. U« 
a level to make sure you have a true surface 



. 6. Before wall tile^cjp *e set it must 'be 
thoroughly soakedjniw^r. Soak the tile in a 
mortar box or large buckets for a minimum of f 

'for ^L" C .° at - There are two method s used 

mortar Thf fl""' C ° 3t ° f P° rf,andl «S 

> method -S, .! - ng ™L h ° d 2nd the butteri "g 
method. The- floating method consists of applying 

section 3" °. "2* ab0Ut inch 'h« P kTa 8 
section of wall surface that can be. covered with 
t.Ie within 20 minutes. If theiile is not se w£ 
20 minutes, the mortar will dry up and the flE 
will not adhert property to the monar. When th 

■nto nL me : h °r d " the ti,e muSt be capped 
t!L?X k f0r " the air fr0m b e h''" d the tfe 
y mg he buttering method, you applv ab6ut £ 

"fiS lZ n " 10 i he back of each '«i^- When 
this method <s used, at least 60 percent- of the 
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~ back of each tile must be covered with monar 
after lt is set and tapped into -place. (The butter- 
mg/method is always used to set tile trim). Now 
tnat ypu. understand the. two methods of applying 
the neat coat of portland cement mortar, we will 
discuss the procedures' for setting wall tile. . 
% . " Setting wall tile. Wherr tiling a wall, always 
set tnc cok base tile ftile at the base or bottom 
»f the wall) first. (.The cove base tile was shown 
•n :ig. 120). Starting at one end of the wall 
outter the first cove base tile with mortar and 
. press „ hrmly into place. Using the handle of your" 
tap the die to insure that the mortar- is 
ovon.y spread behind it. Set the remaining cove 
ease tfio in the same manner. Some ceramic tile 
nave lugs at their edges which correctly space the 
' i . »rch apan. Whether or not the tiles have 
'ugs jfcr.;acs on the manufacturer. If the tiles 
do no: nave lugs, small rubber spacers can be 
purcnaseu to properly space the tiles. If rubber 
spacers ire not available.jise round toothpicks to 
'•pace the tiles by pushing"them between the dies 
on.-mird the length of, the toothpick into the 
mortar After the cove base tiles are 'set, you can 
start sotting the wall tiles. 

8 Using the buttering method, pick up the 
tiles one at a time, butter them and set them in 
a Horizontal row just above the cove base tile 
N.ake certain that the friction bars (ridges) on 
the. back of the tiles are horizontal. Tap'the. tile 
Jigml} with the -handle of your trowel as you set 
(hem on the. wall This wilj set the tilb 'firmly 
enougn to keep it in place.' Continue setting the 
me until you have one row extending the length 
ot the wall to be covered. After completing the 
first row. check the joints to make sure they are 
ill the sane width and use the point of your 
pointing trowel to adjust any' tiles' that are not 
spaced properly If y8u are using tiles with lugs 
the lugs snould come .together and touch. """This" 
will provide a> suitable joint width. 

9 Mier you have laid one complete row of 
wall tile, place a level on top of the tiles to make 
surer tney ar*. level. The proper method of leveling 
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tiles is shown in figure 121. If the reading is level, 
push up any low tile to the bottom edge of the 
level by raising them with the pSint of your 
pointing trowel. If necessary, place a naij, a 
small tile chip, or a wedge of monar undec the 
^ v tile you lift to hold them in % place until they^set. 
If -the tiles are not level; raise them up against 
the level until you get a level reading. After you 
gel a level reading, bring the remaining tiles to 
the line' established by your- level. 

10. When the first row of tile is level, set a few 
more rows using the same procedures. Level the 
rows as you complete them. After the tile wall 
is raised to the desired height, according to the 
drawings and specifications for the job, butter 
and set the bullnose cap at the top of the tiled 
surface. Any vertical joints that need adjustment 
can be adjusted' by eye. Now that the tiles are 
set in position they must be beat into place, the 
tile and their joints mTist be cleaned, they must 

v be floated bacjc into position and their joints must 
be grouted to bring the entire surface into a uni- 
form smooth plane. First, the tiles must be beat 
into place. 

11. Beating tile. After tiles are set. they must 
be^beat into-place if a smooth wall surface is to 
be obtained. Variations in individual thicknesses 
and differences in depth to which the tiles have 
been. set make it necessary to bring tn<i whole" 
surface into a uniform, smooth plane. The only 
tools needed for this operation arc a hammer and 

a wooden block. To beat the tile into a'smgoth 
plane, hold the block at one end with the flat 
side agains* the surface of the tile, then move 
the blocking the wall and beat the tile in. as 
shown in figure 122. After completing the beating ✓ 
operation, clean the tile joints to al$ow room 
for the grout material and to prevent* the dark 
monar from showing through the white grout. 




Figure J 22. Beating u ! ". 
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12. ^Cleaning tile. All that is required to clean 
tile is a scrub bnisTi, *a bucket of clean water, and 
a soft cloth. First, wet the brush, and gently scrub 
the joiitfs to remove any sand or mortar that 
may be between the tiles. It may be necessary 
to scrub the joints more than one time to remove 
all the mortar. After the joints are* clean, use a, 
moist, damp cloth to clean ttic tile surface. 

•13. Floating tile. The purpose of floating a 
tiled surface is to aline the tile agcT space the 
joints like they were before they were beat in. 
During the process of beating the tiles, you will 
have set up considerable vibration and brought 
moisture to the surface (back of the tiles) that 
may have caused some of the tiles to be loose. To 

*get these tiles back ur their proper position, you 
must gently float the tiled surface With a beating 
block. Sold the block with the flat face against 
the tiled surface and move it back. and forth, 
applying very little pressure, as shown in figure 
423. Adjust the space between the joints with 
the point oj your pointing trowel. Allow the tiles 
to set for at least 30 minutes, while you are mixing 
the tile grout.. 

14^ Grouting tile. Grouting seals the joints 
between the tiles and gives'the surface a finished 
appearance. The^ success of any tile job depends, 
greatly on the application of the grout. To mix 

" the Jrout, pour about 1 inch of water into a clean 
bucket and add about two or three hundfuls of 
white portland cement grout. Add enough^ cement 
to make a thick paste, because the tiny lumps of 




Figure 123. Floating tile. 



cement will mix easier when the> mix is thick. » 
/ffljfcr the grout is thoroughly mixed, add enough 
\vatcr to give the mix'a tljin creamy consistency. 
A 15. To apply the grout, to the tile joints, dip 
a water brush (long-fibered paint brush) intp'the^ 
grout and brush the grout in various directions 
both'with and across the joints until they are rlush 
'with the surface of the tiles. If the joints are not 
properly taking the grout, dip the brushy into 
water and this will make the grout thin*cnough to 
penetrate into every joint. When all the joints 
are filled flush with the surface of the tiles, you 
can start the washing process. 

16. \ The initial' washing is done with a clean 
water brush and a bucket of water. Wet the 

* brush and wash the surplus grout from the joints. 
"After going over the surface a couple of times 

r with the water brush, wipe the surface^ thoroughly 
with a soft, damp cloth, using a circular motion. 
After 'nearly all the grout is removed from the 
surface of the tile, finish smoothing off the joints 
by gently rubbing over thety with a damp cloth. 
Try to bring all joints to an even depth of Ha 
inch Below the surface of the- tiles. As the tile 

* joints, dry <cure>, work. .the joints over lightly' 
. with a damp cloth to'prevent them from* (drying 

fast thereby causing., the .grout to crack. As long 
as the joints arc rubbed with a damp cloth, there 

' will be a thin film of grout on the tiles. When the 
tile joints arc properly cured, clean the tiles^by 
rubbing them with a 'soft dry cloth. 

* J 17/ Dry Wall Method. The dry wall, method 
of setting tile is the easiest and fastest method. 
\\ consists of buttering a* small amount of tile 

./adhesive (about 3:, inches in- diameter and 

•inch/thick) to the back of* each ceramic tile and 
setting the tile oh the wall. Using this adhesive* 
you can set wall tile directly on gypsum wallboarcj, 
paintejj. plaster, brick masonry, concrete, plywood, 
and asbestos board surf dees. After setting ceramic 
wall, tile with the adhesive, heat, clean, float, and 
grout the tile'in the same manner as you did when 
you used the plaster method. " f 

18. Ceramic mosaic tiles are used to cover 
walls and floors, The only difference between the 
• wall and floor tile is that the wall tile is glazed and 
*the floor die is not. Tile, adfiesive is preferred 
"over portland cement mortar for setting ceramic 
mosaic wall and Moos tiles because it is easier 
to work with., Portland cement mortar sticks in 
the joints of the small paper-mounted tiles causing 
the joints to be very difficult to clean? The biggest 
difference in .settfng regular "ce'ramic tile and 
ceramic mosaic die is in the application of the 
adhesive. 'When setting ceramic mosaic tile, #apply 
the adhesive inch thick to trie surface being 
tiled rather than to the tile. Do nor leave any 
bare spots on the surface. Most tile adhesives will 
set up^in about 10' minutes, bo don't apply the tile 



adh*>ive to a larger area than you cap finish 
within that time. Since there are different types 
of tile adhesive, follow iKe manufacturers instruc- 
tions on the container. After applying 'the tile 
adhesi\e to the wall or floor, set the sheets of 
tile in place with a slight sliding motion so that 
you will* break N the initial film set that forms on 
top of the adhesive. Try not to slide the tile so 
much that some of the adhesive is forced betweeiK 
the tiles 

19. Level the tile by working a beating block 
hack and forth over its surface. After leveling the 
tiie. place the beating block against the tile" and . 
tap u lightly with a hammer lo force the small " 
tues to lay flat in the adhesive. Be sure that there 
are no ridges between the tile sheets. 

20. After the tile sheets have set in the ad- 
nesive lor a minimum of 30 minutes, you can re- 

# mcne the kraft paper from the top of the tiles. 
This is done by wetting the paper with a sponge 
until the glue (between the paper and the tile) 
softens. After removing'thc mounting paper, adjust 
the individual tiles, if necessary, with the point 
of sour pointing trowel. Allow the adhesive 24* 

^ hours to set hard before ^ou grout' the tile. 

21 Before^ applying t(pc grout, check the tile 
;oints to ^e sure that the tile adhesive is not in 
the lomts." If some of the joints need cleaning, 
use a sharp knife to remove the adhesive from \ 
tHb joint WipeShe surface of the tile with a damp 
cloth until it if clean, and grout and clean the 
tiles as previously explained. ; 

22. ?loor Tiling 

1 In most frtpectf. the procedures for install- 
ing floor tile are the same asxfor setting wall tile. 
However, there are some minor variations which 
we will cover in this sectidh. 

2 Quarry tile can be set on wood or masonry 
floor surfaces. Let's *say for instance you are 
setting quarry tile on a concrete floor. You should 
first examine the surface for defects sudLasxracks . 
and chipped areas, and then make the necessity 
repairs' You should also chefck for low sptfts in 
the concrete, by placing a long level or straight- 
edge on the surface, and mark $p low areas with 
chalk When setting the tile, use additional rfiort&r 

at these low areas sq the tile surface will be level. 
A concrete surface to be tile5 must not be smooth . 
rceause mortar wU^hot properly boqd to a smooth 
surface, ff the surface is smooth, you will have 
to roughen it. To roughen a concrete, floor, use 
a sharp-pointed bullnose chisel and a hammer. 
Chisel spots, abou^ I to P/2 inches apart/ and 
about t's inch deep over the entire surface These 
rcuyh spots will assure you of a good bond between 
(he mortar and the concrete * 

" Before^ou are ready to set the tile, check 
the sprung corner of the base surface with a 2-foot 
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Figure 124, Checking starting corner for squareness. 

steel square. The corner might be square or it 
might run out/ as shown in fjgure 124. Using the 

. square, draw lines at" right angles to each other on 
the base surface to locate the first row of tile. These 
lines will show the out of square runout of the 
surface. They will also indicate if it will be 

^necessary to cut some of the tiles on an angle 
to prevent the runout. After you check the suf-. 
face for squareness, you can start mixing mortar* 
and prepare to. set the tile. 

4. Setting Floor Tile. Quarry tile is •set in 
a bed of cement mortar, about Va inch thick, con- c 
sisting of a mixture of 1 part portland'cement to 
3 par^ building sand. After properly mixing the 
materials, s£ray the concrete slab with water where 
the tile are going to be set. This will prevent the 
concrete from absorbing water from the mortar 
used to set .the tile. Repeat the wetting of the slab 
at intervals if the concrete surface tends to dry out. 

5. The mound system is usually used to lay 
quarry tile on masonry surfaces. It, consists of 
placing* five small -mounds of mortar on the back 
of each tile, as shown in figure 125. Using your 
trowel, apply a small mound of mortar on each 
corner and one in the center of the tile. Then turn 
the tile over, set it on the slab, and tap it lightly 
with the handle of your trowel or a mallet and 
this will spread the mortar evenly over the bottom 
of the tile. Check the tile to be sure it is level. 
Normally, Vi inch joints are used between quarry 
tiles: so set the remaining tiles in the first row 
Vi inch, apart, using small pieces of wood as 
spacers. When the first row of tiles are set, place 
a straightedge or a long level over them and 
adjust the tiles by lifting them (adding, mortar) or 
by tapping them down with a mallet until the 
row is level. After leveling the tile, check the 
joints to make sure they are the required width. 
When. the first rov/^f tile is level and the joints 
are the desired width, start setting the remaining 
rows of tile using ;he same procedure that you 
used to lay Ihe first r^w. When you are finished 
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Figure 125. Mound irstCM of applying mortar. 

i 

setting the tiles, they must be beaten in^cleaned. 
leveled* and grouted.' 

6. The beating in, cleaning, and leveling can 
be* done in one -operation. Using kneeling and 
walking boards to prevent walking on the newly 
set tiles, beat the tiles* in with a mallet, clean 
them with a damp'cloth. and level them. Continue 
doing sections of the floor in this manner, working 
from board to bopfd, until the floor is* finished. 
You should grout the tiles. within 2 or 3 hours 
after they are set so a good bond will be obtained 
between the mortar used to set the tiles and the 
cement grout. When grouting quarry tile, you 
can prepare the grout mixture with the same ingre- 
dients as the cement mortar used to set the tiles 
or with white portland cement fcrout. The erout 
mixture for quarry tile is made up of I part 
cement to 2Vi 'parts sand. Add enough water 

( to the mix- so it^haj; a creamy consistency. Before 
grouting the tifes. remove the wood spacers. After 
grouting a section of the tile joints, rub a wet rag 
over them to force the grout into the joints so 
that they are filled just below the surface of the 
tiles. Continue Ihis procedure until all the joints 
arc grouted. If' necessary, work the joints over 
with a jointer. 

7. When the grouting incompleted, wait about 
30 minutes and wash the tiles with a wet cloth 
to remove any cement spots on the .tilds. Then 
rub over the tiles with a dry cloth. Keep the joints 
damp for at lea^t 24 flours so the grout will 
properly cure and prevent trie joints from cracking. 
You can Cure the mortar joints by placing wet 
burlap bags over the flopf" surface. When you 
remove the burlap bags, wash the tiles with water 
once again\If the cement grout causes discolora-v 
tion of the tiles, the true color of the tiles can be 

N restored by applying one or more &>ats of linseed 
oil qyer them. 

8. "\ Ose tile adhesive to set quarry tiles on wood* 

surfaces. Wood floors must ke sealed before the 

tiles are set. You can seal the floor by applying 

one or two coats of shellac. Allow the shellac 

to dry thoroueWy before you sej tt\c tile. Apply 

the adhesive to the back of the quarry (14 inch 

thick) in the same manner as you applied it to 
• * 



ceramic tile. Use the same process for finishing 
the floor that you, us£d for setting the tiles with 
cement mortar. There will be times, when you 
will have to cut tiles to make them fit properly. 

.9. Catting Tile. Cutting tile is a Very simple 
operation. 'The tile cutting machW, shown in 
figure 126, is a mechanical device^provided with 
a measuring guide and a scoring wheel. Using 
this device, you can cut ceramic or quarry tile 
to different sizes and shapes in a matter of seconds. 
Before cutting a tile, draw a line^on it with a* 
pencil and a ruler where you want the tile to break. 
Then place the tile at the back edge of the tile 
cutter, firmly against the measuring guide, as 
shefwn in figure 127. Move the adjustable gage 
against the side of the tile and lock it when you 
have *the mark for* your cut directly below the 
scoring wheel.* Hold the handle .of the tile cutter 
. firmly and, beginning at the edge of the tile 
furthest from you. pull it toward you. causing the 
tile cutter to ride over the tile. This will leave 
a score line on the tile, as shown in figure 128. 
Lift up on the handle and position the breaking 
bar (the extension at the bottom* of the handle 
which runs at right* angles' to^ thcjiandle) over 
the center of the tile. Press down on the handle 
until thc 4 breaking- bar is touching the tile and 
then apply more pressure to the handle until the 
{ile breaks, as shown in figure 129. This will give 
you a clean cut/ If there are ahy rough edges on 
the tile after it is cut. rub^the rough spots oW with 
a carborundum* stone. 

10. Whefi it is necessary to'cufa small amount 
off the edges of tilr to fit around protruding 
pipes^tc.. the tile nippers are the most convenient 
hand tool to use. A tile cut to fit around a pipe 
and the tile nippers used Jo cut the tile are* 
shown in figure 130. If available, a tile saw ctfn 
also be used to cut the tile. Mark a line, on the 
tile where you want^to make the cut. As* you cut 
the tile' along the line with tile nippers, make 
small cuts breaking'off a little tile at a time until 
the area is^ cut out. Dorft try to cut an area on 
the tile, like ti\at shown in figure 130. in one or 
two cuts because the tile might break in the wrong 
direction. Use a small carborundum stone to f 
,^mooth the cut edges of the tile. % 

23. Care of Tools and Equipment 

1. Masonry .and concrete tools and equipment 
^must be cleaned immediately after each, use. - If 

cleaning is delayed, the mortar or concrete will 
harden and' make the cleaning very^Jifficult. In 
most cases, you can rernove concrete and mortar 
from tfcols and jequipment by washing them with 
water. 

2. To prevefTt concrete from sticking to the 
outside surface of a concrete mixer, apply a* light 
coat of oil to the surface *of the mixer before 

5 105 * • 



- ' Figure 126. T 

using it When storing a concrete mtxer for a long 
peri64 of time, apply a light CQat of oil or grease 
* to all unpainted parts of the mixer. Immediately 
after using a concrete mixer, place a small amount 
of coarse aggregate and water* in <he mixing drum 
and run .the mixer for a few minutes. The action 
of the water and the aggregate in the ^rtihi; will 
wash away the loose concrete. Before each use 
the mixer must be serviced, greased, etc., ac- 
^tfrdiiJg to the manufacturer's instructions. 
_ 3. G3ean\ and oil all metal parts of hand tools 
to prevent them from rusting. ? If the^obls are 
used with tars or adhesives, clean them with kero- 
sene pr naphtha and apply a light coat of r oil to 
theih. See that all cutting tools are kept sharp 



cutting machine. 

and 'handles and other broken parts of the tools 
rspajured <jr replace! Store hand tools ort shelves 
or i£cks v m the tool crib or tool room. If tools 
are to be stored for long periods of time, coat 
the 'metal parts of the tools, with rust-preventive 
compounoy and wrap them k heavy jteper. 

4. BefoVe using powef tools, inspect them to 
be sure the* were serviced. At the end of each 
workday, and, before they are stored, all "power 
tools shoul* be cleaned, inspected, and serviced. 
Store small poiW tools in racks, close^ cabinets, 
drawers, etc., tOi prevent them from collecting 
dust, the inspection and servicing of all power 
tools and equipment should be^in accordance 
with the manufacturer's instructions. 
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' these books are .S™ CU ° n pro ^ ects - .Many of 
section cos s £, " T™'^ "uilding c 0 „! 

^amounts of m iL s a „T fi tab,eS Which * ive 
many jobs mte^XS? S*™* '° d ° 
mating constructinn ul - "* How ever, esti- 
t abIes^rS a n te ? bS In W - H bef ° re thC 
of figuring was reo,,;^ . . ear,y davs " a 'ot 

parlicu^Tob! 0 - ^nt 6 " 3 WOrk ° rd " a 
check the job and es^ It , res P°nsibi!ity to 
needed to comrtete , w ■r. 0 ™' °t "materials 
P'ish this task oy ng ^ ou W ; ' h n e 'P & -com- , 
■nation needed to esSte the Hiff infor " 
you will be workins S ^ d,fferen t materials 
methods used in es?±- Th ' S WI " fnc,ude *e 
brick, concrete bloc X n 8 C ° nCrete: morta r, 
and quarry tile ° " t,,e ' St0ne ' and ««mfc 

bewd^g Sh ,w ;„s v ° 9 f e ; timates you wi » 

The most important S y ■ ^ ^ estima tes. 

the quantity T^ateS SIT** data is ' 
" a job Quantify " eeded '«° complete 

cate the amount th ° Se Which mdi " 

unft of 5£ Z«L xTe 'ff ,red - f ° r a * iven 
estimating masonry work are ^ ""'^ " Sed in 
feet, and cubic v7r<U % ? Uare feet ' Cubi c 
wl»ich indicate .Kme r -T"* are th °« 

. the ■ bm£"JE£ lr tuct or 

conditions. maienais uncfer given 

4- Let's start our discuQcirrfi ^ 
covering the procedure for eSt ' mat,ng bv 

concrete construction mak,ng est,mat . es °n 
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24. Concrtt« 

of cubic 3 jftS? deten " ine the number' 
job. There are 27 S 
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thickness in feet and divin. a- / eet ' by the 
When you $u£i th,S P roduct 27. 

Y0 5O"> £ 7 tnese numbers (15'vi5' 
X U.50-), tfie product will be 1J2 50 aL» 
To convert the 11? * 1J ^ ou cubic feet, 

-divide by 27 The tLh ^ i°- Cubic yards - 
cubic yards. ThisV th, ? h ' S d,V,sion is 4 - 17 
wi" need lo Si? £" * you 
percent of the E l . J » *' Ways add 5 
Five percent of 4 " 5 C T 1°' '° SS ° r waste - 
0.21 cubic yard £ £ J'f " a P^™ate,y 
f rhe total amount of concrete 
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*1 Bags of cement. 
*2 Cubic feet of sand. 
*3 Cubic fee-t ot stone. 

needed to complete this job, including loss or 
water, would be 4.38 cubic yards. This procedure' 
is also used foe estimating plaster. 

2. The estimated cost of mixing and placing 
concrete' depends on the methods used,' the size of 
the job, and v other factors. Normally, very little 
hand, work is done any more except on small jobs. 
The proportions of ingredients for estimating from 

1 to* 100 cubic feet of concrete are given in t^ble 
4. One man should be able to hand-mix from 

2 to 214 cubic yards of concrete in an 8-hour 
day. Inexperienced men will mix about 25 per- 
cent less concrete than an experienced man. When 
the concrete must be wheeled from the mixing 
site to the placing site, extra time must be added 
to the mixing'time depending on the haul distance.' 
The air temperature and the experience* of the 
men placing and finishing the concrete must also 
be considered. " t 

3. Concrete mixtd in small mixers is mixed 
and placed at rates of 6 to 6V2 cubic yards per 
day, and it takes from 8 to 10 men to run a job 
at this rate. We must also consider the methods 
usBd in loading and hauling the aggregate, water, 
and other materials and equipment to the job 
site. If equipment is not available to load the 
aggregate and other, materials, more time and 
manpower will be needed to complete the job 
As you can see» time estimates are very difficult 
to make unless you are familiar with all the factors 
of the job that must be considered. The malcing 




of accurate estimates will come with experience 
on the job. 

4. When large amounts of concrete are needed, 
it is more economical to use ready-mix concrete 
when there is a ready-mix plant close by. By 
using ready-mix concrete, you can* eliminate 
hauling materials and equipment to the job site 
and cut down considerably on the* man-hours 
Jot the overall job. 

25. Mortar. 

1. .Ordinarily, 1 yard of sand and the usual # 
amoyfts of cement and water will make approx-* 
imately 1 cubic yard x of^nio£tar. (The material 
for mixing mortar, propertied by volume, was 
given in Chapter 3, Ggt'tfift? Factors such as the 
size and shape of maapnry units, the thickness of 
mortar joints, and the- type of bond will affect 
the quantities for mortar. Alscj, because of dif- 
ferences in cementitio^jpterials and aggregates, 
no accurate set of val'u^rcan be tabulated for all 
conditions. . , 

2. The labor or time used for mixing mortar 
depends on the same factors that affeQt the time 
required to mix concrete. 

.26* Brick 

Tq determine the number of brick needed 
to build a wall, multiply the length by the height 
and this will give you* the total number of square 
feet of surface. Using ordinary brick 2 l A inches 
high, ^3 3 /4 inches wide, and 8 inches long, you 
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Table 5 

ComVn Brjck for a Square Foot of Wau. 



Table 6 

Units for Concrete Wa'lls 



1 AM i.T 
f ■ 


HICK'VESS 


! — 




'BED JOINTS 






1 


PRICKS 
WIDE 




1/4 


3/8 


I/i 


5/8 


J/4 


» It..|7 


1 

t 
4 
5 
0 


14 : 

J 1 . » 
*g, : 


14 

ii 

-8 
35 
4i 


6. 7 
1^. J 
^0.0 
-b. 7 
33 3 
40.0 


6. i 

: 

i«» 0 
a. 1 

31, 7 

Jb. 0 


0. 1 
li. 7 
18. j 
44. 3 
30.4 
36. 5 


5.8 

11.0 
17 4 

* q 0 
M 8 



will find that it takes about 7 brick (using W.foch 
mortar joints) to cover 1 square 'foot We will 
figure 8 brick, and this will allow for breakage 
and cutting brick. You multiply the total number 
of. Square feet by the number of brick needed 
to cover 1 square foot and this will give you the v 
total number of brick heeded for the surface Let's 

w„n STf in ?f V "* constructin S a partition 
wall 20 feet long. 6 feet high, and 4.inches wide. 
By multiplying the length (20 feet) by the height 
(6 feet), you wilKhave 120 square feet of wall 
surface, ©y multiplying 8 (the number of brick 
needed to cover 1 square foot) by 120 square feet 
you will get a total of 960 brick. This is the 
number of brick needed, including i/ 4 -inch mortar 
-joints and breakage to complete the job. If the 
wall were 8, 12. 16. etc.. inches .wide, you would 
have to multiply 960 brick by the number of brick 
in the width xrf the wall. In other words, if the ' 
wall- were 16 inches wide (4 courses wide), it 
- would take 4 X 960 = 3840 brick to complete 
the wall. The number of brick for a square foot 
of wall for different size mortar joints is shown* 
in table 5. 

2. If a brick wall or building has openings i 
such- as windows aiM doors, the square footage 1 
of the openings must be deducted.from the total 
amount of wall surface. 

3. .Many faetors enter (hto the time'required 
to lay brick; consequently, it is impossible to 
provide a set of values that will work in all cases. 
Some of these factors include differences in brick- 
laying ability, sizes and types of brick,' type of' 
structure being constructed, sizes of joints, and ' 
types of bonds and patterns used. . , 

27. Concrete Block and*TH« 

1. Concrete bloc* and tile units are estimated 
by the number of \jnjts in one square foot- or by 
the number of units per 100 square footage. You 
multiply the height .of the wall by its length to 
get its square fqotage. Let's say, for example, 
you are to construct a concrete block wall 6 feet 
highland 25 feet long with standard size units 



size or 

UNITS 


THICKNESS 
INCHES 


NO. UNITS 
100 SQ. FT, 


3 5/8 X 3 5/8 X 15 5/8 
5 5/8 X 3 5/8 X 15 5/8 
7 5/8 X 3 5/8 X 15 5/8 
3 5/8 X 7 5/8 X 15 5/8 
5 5/8 X 7 5/8 X 15 5/8 

7 V* X 7 5/8 X 15 5/8 ' 
**f/8 X 7 5/4 X 15 5/8 

U 5/8X 7 5/8 X 15 5/8 


4 

6 
8 
4 

6 

a 

10 
12 


225 
225 
225 
112.5 
112.5 
112. 5 
112. 5 
? 112. 5* 



7V x 7%". You 



are to 



use ;, ,<-inch mortar 



joints. The block will fill a space 8 x 8 x 16 inches 
. Which equals .889 (to the nearest thousandth) 
of a square foot. This figures out to take 9 
- b oeks to fill an area of 8 square feet. It takes 
112.5 blocks to fill an area of 100 square feet 
By multiplying the length of the wall (25 feet)' 
by the, height (6 feet), you have 150 square 
fee of wall surface. Using .889 equals the square 
footage in one block, or using U2.5 blocks for 
100 square feet, it will take 169 (to the nearest 
whole block) blocks (using 3 s . inch m0 rtar joints) 
to complete the wall. For a wall this size, about 
10 percent of the total number of blocks needed 
for the job should be added' to the total to 

- i«o° W K, f0I i *** CUttih S- Ten P«*»t of 

169 blocks is 17 blocks. (to the nearest whole 
block), which would give you a* total of 186 
blocks needed f or the job. Table 6 gives the num. 
ber of units needed per hundred square feet 
when you are using different size units and thick- 
nesses, including 3 s . in ch mortar joints. If yod use 
_ this chart, you 'will have to allow extra blocks 
for cutting and breakage.. For example, table 6 
shpws that when a T*k" x 7V x 15"^ (third 
line -from bottom) unit is used, it will take 112.5 
bljptafo 100 square feet. This includes the 
mortar joints. You will need another 11 blocks 
for a total of 124 (to the nearest whole block) 
blocks to allow for waste. 

2. A typical con.crete=block job you may be 
required to buifo is shown in the drawing in figure 
132. By looking at the drawing, you can see 
that it is a concrete footing supporting a concrete 
block wall. The drawing gives you the dimensions 
of the footing and the wall. The written specifica- 
tions you will receive along with the drawing will 
explain the requirement that each material used, 
on this project must meet. The specifications for 
this project state that type I portland cement will 
be used for-preparing both the mortar for laying 
the^jjohcrete units and the footing. They will 
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CONCRETE FOOTING AND BLOCK WALL 

Figure 13t. Concrete footing and block wall. 



• also state the amount of fine and coarse aggre- 
gate that must^pass through each sieve and the 
sieve .numbers they must pass through. The water 
used for mixing and curing will be clean and free' 
from injurious amounts of oil, acjd, salt* alkali, 
silt, organic matter, and other harmful sub- 
stances. The specifications will also state the 
'mixing time, the amount of slump the concrete 
mil have, and how soon the .mix will be placed 
after all the ingredients are in the mixer. The, 
type of concrete block, the size of the concrete 
block, and the size mortar joints are also stated. 
The forms must be built for the concrete an(£ the 
materials must be estimated before construction 
is started. 

3. As with other masonry ^work, the,, time 
required for laying concrete units varies a great 
deal. Various sizes and shapes of concrete tile, 
the ability of the mason, and differences in work- 
ing conditions affect laying time. 

23. Stone 

. 1. Amounts of rubblestone for walla; may be 
estimated by the square foot, cubic foot, and 
cubic yard Converting the stone requirements 
to cubic yards is usually the best method. The 
number of rubblestones contained in 1 cubic yard 
depends upon the sizes of the stones; therefore, 
if the average number 6f stones contained in 1 
cubic yard must be known, they will have to be 
counted, fffe sale of stones varies in different 
parts of the country. Whether it is sold by the 
4 2 ton, perch, cord, or cubic yard* depends upon its 
sfcape and upon the* jocality. (A perch is 24*/ t 
cubic* feet and a cord is usually 128 cubic feet.) 

2. A greater number of factors must be con- 
sidered when estimating the time required to lay 
cut -stone. Such things 'as the size of the job, 



average ^size of stone, workmanship and the 
method of setting (hand, hand derricks, power 
cranes, etc.) .must be 1 considered. 



29. Ceramic and Quarry Tile 



\ 



1. Nearly all tile for floors and walls are 

* estimated by the square foot. When trimmers, 
base cap, and similar pieces of tHe are used, they 
are estimated by lineal or running foot. The 
square and/or lineal footage requirements of a 
room are determined, and the number of 'tile for 
1 square'/oot\s multiplied by the total. This will 
give you the number of tile needed to cover a 
given surf ac)e. Let's say, for example, that we 
are covering a^ wall 7 feet high and 3tf feet long 
with 6" x 6" glazed ceramic tile. When you mul- 

<^tiply*the length (36 feet) by the height (7 feet), 
you will have the total number of square* feet of 
surface (252 sq. feet). It takes fdur 6'' x 6" tile 
to cover 1 square "foot of surface. By multiplying 
t 4 (the number of tile needed to cover 1 square 
foot) by 252 square feet, ^you will have a total of 
. 1008 tile. This is the number of tile you' will need 
' to cover the wall. Add a small percentage of the 
total number for breakage. The percentage you 

• allow for breakage will depend on the skill of the 
mason placing the tile. 

2.. Estimating labor or time tor tile' setting, 
like other types of masonry work, eomes from 
experience on the job. In small rooms, such as 
bathrooms, an experienced mason can complete* 
approximately 25 to 40 square feet a <iay. Work-, 
ing on larger rooms, an experienced .mason* can 
set from 50 to 80 square feet of tile per day. To 
estimate the time required to set tile with accu- 
racy, you almost have 'to know the tile setters 
and the type and size of the tile they will be 
working with. \ 
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Aggregate, Coarse — Gravel or crushed rock. 
Aggregate, Fine — Sand. 
Aggregate Gradation— The arrangement of sizes. 

Air-Entraining Agent — A concrete additive that enables concrete to resist 
freezing and to protect pavements from adverse effects* of saks during snow 
removal. ' 

■Anchors, or TiES-J-Metal shapes used to. secure masonry wall intersections and to 

fasten other structural members to masonry walls. 
Baseboard— Molding at the Bottom of a wall. 

Base Screed— Wooden strips pr strips of plaster 'msed foe gaging - the thickness of 

plaster coats. , . 

Beating In — The process of moving a small* board over f a tiled surface and-fapping 
* it lightly with a hammer to set the tile firmlyanto the mortar and in one smooth 

plane. . > . ( 

Bed Joinjs — THe horizontal mortar joints between courses e of. brick or, more 

simplyrthe bed or mortar on which, brick rest. 
Bond — Refers to adhpr&nce of one material to another, as coats of mortar, etc. 
Bond Stones— Stones consisting of headers. * ' ¥ 

Brick Bat — A portion 6f a brick/ 
Brick Set — A tool used to cut brick. 

Brick Veneer— The outside facing of brickwork used tQ cover a wall constructed 
, of other material". The t&rm genflblty refers to brick Wails -inclosing a -frame 
building. " . 

, Brown Coat — Second coat of placer used to coven waifs anS ceilings. Never 

' applied less ^an %h inch, thick. k 

Bullnose Cap— Tile trim used at the top of finished tfle-.surfaces. 
Buttering — Thp spreading fef mortar on masonrj units before they are laid. 
ButtIring Method— The process of applying the^ neat coat of 'mortar to the back 
,# of each tile. . ■ * . • . ^ 

Calcium Chl'oride — A crystalline compound ijsed in its anhydrous st§te (as a 

white porous solid) as a drying agent, to lay dust, etc. Accelerates the hardening 
; of concrete. * * 

Ceramic— An ^rticle made of baked clay. In th^ tile trade, the word js used to 

designate* a tile made <^f comprised clay and silica. % " . 
Ceramic Mosaic Tile — Small piecSfe" of tile, usually moun^d on krafY paper! - 

mounted in various patterns. The glazed tfles are used to cover walls and the 

unglazed tiles are used to cover floors. * 
Chasing Out the* BoND^—Laying- out the first tier or .course of masonry units, 

without mortar, the length- pf the wall to be constructed. 
Closure Joints — The last* two head joints in a course of brick. 
Common or American Bond — The bond in which * header course usually occurs 
* ev£ry* seventh cgurse, but may appear every fifth or sixth course. , ** 
Compressive Strength— The ability of a concrete slab to resist^crushing. 
Concrete— A. hardened mixture of cement, sand, gravel, and water^ 1 
•Concrete Bleeding — The flow of cemeftt paste out of a concrete mix. v , 
Contraction Joint — Sometimes referred to «s.a dummy contraction joint is used 

to control cracks caused by contraction. 
Control Joints— Joints used to control cracking in plas^r surfaces! 



Construction JointsT— Joints placed at the start and 7 en<jl of a days pouf,or those^ 

joints used' to separate ar^s of concrete; placed at different tfinfe. 
Copings — A layer of concrete, or a^row of brick, generally projecting, used to cap 

Or finishthe top % of a wall and prefect it from the weVther. - v * ♦ 
Corner Lead— The part of a wall, at^thq. Vomers .o^ elsewhere,' built in advance of 
7 the rest of the wall as ar guide to whfch the comer blocks arid line is attached. 
Cove.Ba^e — Wall tile haying a 1 curved' upper edge and a^curved bottom lip, used 

as a single wall tile course above thfc floor tile. 
Crazing — To break into pieces. * • 
Cross Joints — The vertical joints fonrfed when laying a header course of brick. 
Dash Boj^d Coat — Mortar applied to a" masonry surface by 'splattering it with a. 

bnjsh. When the mortar hardens, it leaves a rough surface that makes a good 

bond between the masonry surface an^the scratch coat of plaster. 
DitY Wall Method — Applying tile adhesive tolhe l^ack of each tile before setting, 

them. Sometime^ referred to as the'buttering method. 
Emulsified Asphalts — A mixture of asphalt cement, and water which contains 

a small amount of an emu&ifytog agent.^ * . ' , \. # 1 

EvoLufieN of Heat— The °heaMh& leaves -the concrpie as ft h^dens. 
Expansion Joint— Joints installed primarily to relieve compressive stresses by 

expansion of concrete. They usOally consist of some^rm of^nonextruding filler 

such as wood, asphalt, etc., which will permit horizontal expansion pf the concrete. 
Finish CoA*T-^-Third coat of plaster usetl To <$over walls and ceilings. Nev^r applied 

less than Vs inch 'thick. ' * 

Flash Set 6rJ>re*/iature Setting — Rapid hardening of .concrete or mortar. 
FlexuraI StWNGTh — The ability of a*conqretc slab to resist bending. * 
Float Coat — The second coat o( mortar applied to walls/thdt-are to be tiled. 
Floating METHOD^-T)ie prefcesspf appljfjpg the neat coat of mortar to the surface 

that is to be tiled. _ / * ' , . , ~, . 

Floating Tile — The process of-lrtovin^a^ea^ing black-over the tiled surface to 
*get the tiles back in their proper position after they art^beat in. V 
Friable — Soils that are easily crumjblefij or*j&iyerized. * y • 
Gage Strip or Rod — A wooden stick with the height of each course (including 

bed joints) marked^on itr As tha^wall is bein^buity the height of each course 

is checked with the j^ejmp^rjpd^_____: * — ~ 

Qlaze — Melted silica or sand* used to coat the tile' body; givingjit a transparent 

glassy .finish* - . v ' 

Glaze$ Ma^nry Units — Masonry units- finished *with a.glasi/iike coaling. 
Grouting — The process of finishing tile joints, by fillii^*them witn mortar. 
Head Flashings^— Bent metal strips placed over openingsm bricflc walls ^moistute 

barriers. When the metal Strips aroused at tibe bottom of openings, they are 
* called sill flashings.*. * ^ * * , « 

Head Joint — The joint between the ends of two bricks in the same coursc v 4jj[ s also 

called a vertical joint. t * * « * * , 

'Header Course — A course of brick whicfi have been laid flat with their ends 

visible. 

Honeycom bing — An area in the concrete having voids or cavities that. are some- 
times ref^Ba to as rock pockets. v: „* , . • * - 

Hydration— Reactions between *cement ancl *wSer resulting* in setting and 
^hardening. . ^ , . J 

Impervious Tile — A tile that will resist the absorption of moisttjre. /. 

Joint— The narrow space existing between adjacent stones, bricks, and other 
masdnry material. 

Keeping the Perpends — The process of keeping vertical joints perpendicular. 
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King A brick trimmed for a mit^r fu at the: inside of a corner.- ^ 

Laminated — Formed or arranged in layers. 

L* p — Tne distance one brick extends or projects over anothef. ■ 

Limestone— A rock consisting chiefly of calcium carbonate, usually an accumula- 
tion of organic.remains; such as shells, that yields'lime wl)en burned. 

Line— The string or^ord stretched tight from, lead to lead as a guide for laying 
the top edge of a brick course. . , ^ 

LintelS Usually strips of steel or precast concrete used to support masonry units 
ove^ openings. 

Masonry Cement-^A mixture 6f portland cement and hydrated lime. 

Masonry Units— Units ofxKffe^ejit shapes and sizes (brick, block, 'die, and stone) 
t used with 'cement motfaAto build structures. , 
■ Mastic Cement Plaster— Any of various pasty cements made by boiling tar 
- with lime. 

Membrane Waterproofing— Layers of roofing felt and hot asphalt used t6 water- 
proof surfaces. \ * 

Metal Lath — Metal mesh used as a base for the scratcjucoat of plaster. 
Mortarboard— A board about 3 feet square used to receive mortar ready for use 
by the mason. 

Mound System— The process of shaping mortar on the back of quarry tiles before 
setting them-. * 

Neat Coat— Jhe finish (third) coat of mortar applied to walls that are to be tiled. 
Nonvitreous Tile— A tile that will absorb more than 7 percent of its weight in 
moisture. * , 

Organic Matter— Rock or mineral material formed by the v acdvity of plants or 

animals, or composed of their remains, as coal, chalk, etc. 
Pier— Masonry units built up to supffort arches, beams, girders, and non-load- 

bearing walls and partitions. % * 

Plaster — A facing material that is applied to w*lls and ceilings/ \ 
Plaster METHOD-^Referred to setting tile. Applying n^rtar to the surface being 

tiled rather than the tile. 

Plasticizers— Materials, such as lime, used to make mortal* and concrete more 

workable. ^ - 

Plumb Bob— The-ppintef weight used to make a plumb line taut. 
Porosity — State of being porous. " • ' * 

Portland Cement— (Not a brand name but a type of cement.) A finely ground 
material consisting principally of lime* with silica, alumina and iron oxide capable 
of hardening into a solid mass. / * 

PresseD.Brick— Bricks which are pressed in a mold by mechanic* power before 
they 3fe burned. 

Quarry Tile— Generally, a dark reddish tile, very dense, made from natural clays, 

and used to pave floors. y 
Queen — A, half-brick made by cutting a brick lengthwise., 
Quoins— The solid exterior angle or the selected units by which the corner is 
» marked. ^ 

Retempered— 'The' act of softening mortar or concrete by remijeing and adding 
water. ' , 

Riffling— The process of spreading mortar on bricks with the trowel.-^ 
Rowlock .Course — A courseTof brick whicli have been placed on edge with their 
ends visible. 

Rubble— Fieldjor beach stone, or rough stone as it comes from the quarry. 
Saturated Surface Dry— Voids in the aggregate are filled with water and the 
surface is dry. ^ 
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Scaling — [The chipping and breaking of the top portion of concrete surfaces. 
Scratch Coat — The first coat of plaster used to cover walls, and ceilings. Usually 

applied between % and $ A inch thick but in.no case less than Vi inch thick. Also, 

the first coat of mortar applied to *a surface that is to be tiled. 
Screeding — The process of striking off the excess concr^e to bring a surface to 
. the proper elevation. . 
Semivitreous Tile — A tile that will absorb more than 3 percent, but less thaij 

7 percent, of its weight in moisture. % 
Shale — A rock capable of being split, and formed by the consolidation ofjrfay, 

mud, or silt > ' '* 

Silt — Loose sedimentary material (fock particles less thart )^ millimeter in 

diameter) suspended in water. Also, a deposit of this sediment. 
SotMUM Hydroxide — A \vhite, brittle solid used in making soap, rayon, and paper. 

Also, us^d for bleaching. 
Soldier Course — A course of brick whfch have been placed on, end with their 

edges y^ible. . - 

Story Pole — A piece of wood with marks on it to indicate "where the head or 

cross joints are leeated^as well as the marked locations and widths of openings 
- in jhe wall. * ^ - ♦ 

Straightedge — A board or tool having a true and straight edge used for leveling 

and plumbing purposes. A 
Stretcher Course— A cobrse of brick which have been laid flat with their edges 

or faces visiWe. / * 

Stucco— -Plaster Applied to the exterior of buildings. - jf 

Tensile Strength — The greatest longitudinal stress i substance can bear Without 

tearing apart. y r 

u Tier— *One row of brick in a wall. 

Tile — The designation for all glazed and* unglazed tiles made exclusivel^rom 

clay, with or without otfyer ceramic materials, and burned in the process of 
-manufacture. ♦ 
Tile Adhesive — A plastic type material used for setting tiles. ^ 
Tile Trim — Refers jo various kinds^f^tile moldings* used to give a finished appear- 
■ ance to fifcors, walls, and other types of wortf! %, * c 

Tooling Joints — Th^process of compacting mortar in the joints between masonry 

units that leaves structures having a 'uniform appearance. 
Twig — A tool installed with bricks laid in the middle of a wall between corner leajis 

to hold the line and overcome sag ' - m ? 4 

Vitreous Tile — A tile that will absorb less than 3 j>ercent of its weight in moisture. 
'Wood Lath* — Strips of wood with rough surfaces, approximately 1 inches in ' 
- width, used as a base for the scratch coat of-pftster, _ - % 
Workability — The consistency of a mix that determines the ea^ with which a 

mixture can be placed and worked." . , 

> - - . * -*% 
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CREDIT HOURS ^ ____2 

TEXT, ASSIGNMENT i . Review previous text assignments in Memo* 

" - random" 535. " 
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EXERCISES 



1 



1: What type of cement would you - 
use f or.conatructing s. -footing in an area 
where the soil contained large amounts - 
of alkali?' 



a, V 

b. IV* 



c. n 

d. I 



2. What type of cement would you 
use for making repairs on a runway 
that -must be used the following day? 

a. I : c. IV ^~ 

h. alumina d. V 

3. JA* pavemenTwas ^constructed 
using 5 v 2 ^gallons of water per sack of 
type I portland cement* After one w.eek, 

^ what is the minimum flexural strength 
*df this pavement? . 

450 % ' 



400 
425 



c 
A. 



46a 



4. You are constructing concrete 
pavement What is the'maximum slump 
in inches thkt you allow? 



a. 
b. 



2 
3 



c. 



4 
5 



5. What is the minimum mixipg- 
,Jtime for 1 cubic yard of concrete? 



a. 30 seconds 

b. 1 minute 



c. 90 seconds 
I d. 2- minutes 



6. You are curing concrete under 
Gold weather conditions. What is the 
highest temperature of the concrete at 

► the time of mixing? 

s a. 100° F • c. 80° F 

b. 90° F • - <L 70° F 

•* . 

7. If ^ou were placing cpncrete in 
exposed work, what is the 'maximum 
height in feet from which <you would 
allow it to "drop ? 

a- 3 c. 7„. 



b. 5 



d. 9 



. 8. What metal is best to reinforce 
concrete? 4 * ■ 



a. iron 

b. copper , 



c. woven wire 

d. steel . 



9. What should be the maximum 
capacity in cubic feet of a wheelbarrow" 



4 
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that you would use to transport con- 
crete when the placing level is 13 feet 
above the mixing level? 



a. 5 

b. 3 



c* 4 
dL 2 



10. You must construct a high con- 
crete wall. -Hbw high a wall in feet 
would require the use of additional ties 
between the top and the bottom of the 
formwork? ^ 



a. * 6 

b. 8 



c 12 
d. -14 



11. You must construct a brick 
wall. You have chosen masonry cement 
instead of pojtland cement fbr this job. 
Why did you choose masonry cement? 

a. . needs less time for workability 

b. hardens quickly 

c. gives strong bond between units 

d. requires no sand , 

12. You have mortar that has 
mixed at an air temperature of 70°. 
What is the maximum number of hours 
that you can wait before using it? 



b. 3% 



c. 2 
a 1 



• 13. For ordinary service, portland 
cement, compared to ? masonry cement, 
has ^ 

a. twice as much hydrated lime 

b. same amount of lime 
a same amount of sand 
d. twice - as much t sahd 

14. How many hours .does it take 
the plaster scratch coat to set hard at 
70° P? 



* 1 or 2 
b. 2 to 3 



d. 



3 to 4 

4 to 5 



15. What should j* the minimum 
thickness in inches o£ the scratch coat ' 
of plaster? ' ^ f 

a. .% c Vs « ; 

fau ' d. %' 

- 16. You have cut off a 2-inch pitfce 
from an end of to 8-inch common brick. 
. What is the remaining portion of the ^ 
brick called? 

a, .^inch bat c. %'bat 

'b. 4 Vo -inch 'bat d. queen 

17. What would you place above an 
opening in a brick wall to direct the 
moisture to the outside of the^uilding? 

a. coping 

< 

b. metal head flashing 

c. metal tie 

d. metal sill hashing ' 

^ 18. What type of brick would you 
use to build a structure- that required 
the brick to have a breaking strength 
up to 20,000 pounds per square inch? 

a. kentu^ky dark gra^ 

b. kentucky red 

c. illinois undefburfied 

d. arkansas red 

19. You are to build a non-load- 
bearing brick partition in the mess hall. 
What type of brick do you use? 

a. fire brick c. glafed 
• b. face d. imitation* brieve 

20. ' Where would you make a, row- 
lock course of brick? 4 

a. on top of a brick wall exposed to 
weather 

b. on steel lintels over wall openings 

c. on wooden Untels^above widows ' 

d. under window openings r in brick 
buildings ^ 



« * 

21. Which of the following stones 
would you select for the facing of a 
structure? 



limestone 
b. granite 



c. sandstone 

d. slate 



in 



22. You are constructing a stone 
wall. Where do' you place the bond 
stones (headers) in the wall? 

a. in each 3 to 5 square feet 

b. every 2 square feet 

c in each 6 to 10 square feet 

d. each 8 square feet of foundation 

28. Wljy do some stone walls devel- 
op rust stain*? 

a. oxidation of iron in the stone 

b. incorrect mortar used in laying 
c too much .mica and feldspar 

d. wrong combination of clay and sand 

24. How many coats of mortar are 
used in preparing a wall surface to be 
.tiled? 



ft. 1 

b. 2 



c 3 
ct 4 



2& Why are tile snapped into place 
when 'the floating method is used? 

a; to test fpr imperfect tile ° 

* b> to set tile more firmly) in plaster base 

c. to remove surface impurities on 
base plaster^ 

<L to % expel air from back of tile 



28. You have just completed laying 
a quarry-tile floor. What is the maxjr 
mum, number of hours that you can wait 
before grouting these tiles? 



ft. 6 

b. 3 



c 2 
d. 1 



27, When it takes 8 ordinary -brick 
tp cover 1 square foot of wall surface, 
using ^4-inch mortar joints, how many 
brick do you need to construct a wall 
30 feet long, 10 feet higH and 12 inches 
wide? 



ft. 7200 
b. 6400 



* 800 
<L 567 



28. You measure an area where you 
will pour a concrete slab, and find it is 
674 cubic feet How many cubic yards <■ 
of concrete do you need, before allowing 
for loss or waste? 



a. 25 

b. 2a 



c. 19 

d. 15 



29. How many cubic yards of con- 
crete are required for making a concrete 
slab 12 feet long, 12 feet wide, and 6 
inches thick? 



a. 1.5 

b. 2.0 



c. 2.7 
<L 3.2 



30. On what does the percentage of 
tile allowed for$>reakage depend? 

a* distance traveled froift source of 
supply 

b. weight jof the tile 

c skill of the mason placing the tile 

d. size of the individual tile 
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